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CHAPTER  I 


INTRODUCTION 


The  purpose  of  this  study  was  two-fold:  (l)  The  first  paxt  was 
concerned  with  measuring  the  relative  influence  of  acreage  and  yield 
changes  on  crop  production  for  Kansas.   It  is  evident  that  the  total  pro- 
duction of  any  crop  depends  on  the  number  of  acres  and  the  yield  per  acre. 
But  frequently  the  question  arises:   Are  changes  in  acreage  or  changes  in 
yields  more  instrumental  in  causing  variation  in  total  production  exper- 
ienced from  year  to  year?  A  least  squares  regression  method  was  used  to 
measure  the  relative  effects  of  changes  in  total  crop  production  due  to 
acreage  and  due  to  yields.   (2)  The  second  part  was  to  estimate  the 
percentage  of  acres  devoted  to  each  of  the  major  crops  on  the  basis  of 
maximizing  returns.  This  was  done  by  finding  the  total  acres  of  cropland 
devoted  to  the  major  crops  and  then  finding  what  percent  each  of  the  major 
crops  shared  in  the  total  acreage.  The  actual  percentages  were  computed 
first  which  were  needed  later  for  comparison  with  the  estimated  results. 

Two  methods  were  used  for  estimation:   (a)  The  first  method  was 
the  use  of  linear  programming.  With  this  method  the  year,  1961,  was  the 
only  year  used  for  estimating  purposes.  The  data  for  previous  years  were 
used  in  setting  up  constraints  and  cost  functions,   (b)  The  second  method 
employed  was  the  use  of  the  game  theory  method.  Estimates  were  calculated 
for  each  year  during  a  twenty-year  period  for  each  of  the  major  crops.  The 


estimates  obtained  by  this  method  were  then  correlated  with  the  actual 
use  of  cropland  by  the  major  crops  for  the  same  twenty-year  period. 

Data 

The  study  was  conducted  on  each  of  the  type-of -farming  areas  in 
Kansas.  It  was  approached  in  this  manner  for  two  reasons:   (l)  The  type- 
of-f arming  areas  were  determined  on  physical,  biological,  and  economic 
factors,  these  being  the  important  factors  determining  the  adaptation  of 
various  crops  in  different  areas.  The  basis  of  classifying  the  counties 
of  Kansas  into  areas  was:  (a)  the  percentage  of  farm  land  in  different 
crops  and  pastures;  (b)  the  kind  and  number  of  livestock  per  100  acres  of 
farm  land;  (c)  the  trends  of  the  acreage  of  crops  and  numbers  of  livestock; 
(d)  the  number  and  percentage  of  farms  of  a  given  type;  and  (e)  the  acre- 
age and  percentage  of  farm  land  occupied  by  farms  of  a  given  type.  Strati- 
fying in  this  manner  gave  homogeneity  within  areas.   (2)  The  crop  data 
for  each  county,  which  is  published  in  The  Biennial  Reports  by  the  State 

Board  of  Agriculture,  have  been  compiled  for  the  type-of -farming  areas  by 

2 
the  Economics  Department  of  Kansas  State  University.   Kansas  is  thus 

divided  into  fifteen  type-of-f arming  areas,  numbering  from  the  east  to  the 

west  as  shown  in  Fig.  1. 


*Leo  H«  Hoover,  Kansas  Agriculture  After  100  Years,  Kansas  Agricul- 
tural Experiment  Station  Bulletin  392  (Manhattan:  Kansas  State  University 
of  Agriculture  and  Applied  Science,  August,  1957),  p.  15. 

^Biennial  Reports  of  the  State  Board  of  Agriculture,  (Kansas  State 
Board  of  Agriculture,  1941-60J7  ' 


The  major  crops  considered  for  the  study  were  wheat,  corn,  oats, 
barley,  and  grain  sorghum.  The  same  crops  were  considered  for  each  of  the 
areas.   In  addition  to  the  five  crops  mentioned,  soybeans  were  included  in 
estimating  yield  and  acreage  changes  for  Area  1  through  Area  5.  Data  were 
gathered  for  a  twenty-year  period  starting  from  1941  to  1960.  The  data 
used  were  based  on  seeded  acres  and  yields  for  all  crops  except  grain 
sorghum.  Actual  seeded  acres  and  yields  have  not  been  recorded  for  grain 
sorghum.   It  was  desirable  to  use  data  on  seeded  acres  and  yields  since 
this  gave  an  actual  measure  of  changes  in  the  cropping  system  from  year  to 
year. 

Assumptions 

A  similar  study  was  done  in  Illinois  in  1959  by  Earl  R.  Swanson, 

Department  of  Agricultural  Economics,  University  of  Illinois,  which  is 

3 
referred  to  from  time  to  time  throughout  this  study.   Swanson  made  one 

very  basic  assumption  for  his  study.  He  assumed  that  farmers  are  reluctant 

to  alter  their  cropping  system  to  any  large  degree  from  year  to  year.  A 

question  arises  whether  or  not  this  same  assumption  holds  true  for  Kansas. 

Some  of  the  findings  would  indicate  that  it  does  not  hold  true  for  Kansas, 

at  least  in  the  western  part  of  the  state. 

It  is  understood  that  farmers  collectively  determine  the  use  of 

the  agricultural  land  in  the  state,  realizing  certain  government  acreage 

control  programs.  Each  crop  competes  with  its  alternatives  in  the  selection 

^Earl  R.  Swanson,  Short-Run  Acreage  Adjustments  in  Illinois,  Illinois 
Agricultural  Experiment  Station  Volume  1,  No.  2  (Urbana:  University  of 
Illinois,  July,  1961),  24-32. 
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of  a  cropping  system,   and   each  year  there  is  opportunity  for   farmers  to 
revise  crop-acreage  plans   in  response  to  changes   in  expectations  con- 
cerning prices  and  yields,  government  programs,  and  other  considerations. 
For  estimating  crop  allocations  by  the  two  methods  explained  earlier,   it 
was  assumed  that  farmers  attempted  to  maximize  profits  under  certain  con- 
ditions or  constraints.     These  conditions  were  assumed  to  be  a  known  number 

of  acres   in  each  farmer's  cropping  system,  the  elasticity  of  demand  for 

4 
each  crop,  government  control  programs,  and  market  prices. 

Problems 

As  already  indicated,  the  Illinois  study  was  based  on  the  assump- 
tion that  farmers  are  reluctant  to  make  large  changes  in  their  cropping 
system  once  one  is  established.  One  measure  of  the  willingness  of  farmers 
to  adjust  to  changes  under  the  conditions  which  cropping  plans  are  de- 
veloped, is  the  extent  to  which  crop-acreage  adjustments  have  been  made 
in  the  past.   As  an  indicator  for  this  the  percentage  acreage  adjustments, 
Table  2  in  Chapter  Two,  were  divided  into  those  years  in  which  planted 
acres  increased  from  the  previous  year,  and  those  years  in  which  decreases 

occurred.  Table  1  on  the  following  page  gives  the  results  from  the  study 

5 
in  Illinois.   Here,  also,  the  percentage  acreage  adjustments  were  divided 

into  those  years  in  which  planted  acres  increased  from  the  previous  year, 

^The  word  "farmer"  will  be  used  interchangeably  to  refer  to  the 
farmers  of  an  entire  area  or  a  single  farmer  within  an  area. 

^Earl  R.  Swanson,  Short-Run  Acreage  Adjustments  in  Illinois,  Illinois 
Agricultural  Experiment  Station  Volume  1,  No.  2  (Urbana:  University  of 
Illinois,  July,  1961),  24-32. 


TABLE  1.— Acreage  adjustments  of  principal  Illinois  crops  expressed 

as  average  percentage  increases  and  decreases  from  preceding  year  1940-1959? 


Crop 

Reporting 

District 


CORN 


Inc. 


Dec. 


SOYBEANS 


Inc. 


Dec. 


OATS 


Inc. 


Dec. 


Northwest 

Northeast 

West 

Central 

East 

V -Southwest 

E-Southeast 

Southwest 

Southeast 

STATE 


4.2 
4.3 
7.7 
6.1 
4.7 
8.8 
9.1 
12.4 
7.5 


(12/ 
(10) 

(11) 
(12) 
(12) 
(12) 
(12) 
(10) 
(13) 


-2.1 

-2.4 
-5.4 
-5.5 
-4.9 
-8.2 

-10.4 
-8.2 

-10.0 


7) 
9) 
3) 
7) 
7) 
7) 
7) 
9) 
6) 


17.4(  9) 
19. 0(   8) 

9.7(11) 
15. 5(  9) 
10.6(10) 
11.7(11) 

7.8(11) 
15.3(16) 
12.6(15) 


•14.7(10) 
•10.0(11) 
»10.3(  8) 
-9.0(10) 
-7.6(  9) 
-6.7( 
-3.2( 
-4.7( 
-8.2( 


8) 

a) 

3) 
4) 


2.5( 

2.5( 

14. 2( 

6.0( 

5.8( 

26.  3( 

20.4( 

29.4( 

51.  7( 


9) 
8) 
8) 
9) 
7) 
6) 
9) 
6) 
6) 


-3.3(10) 

-4.9(11) 

-9.1(11) 

-6.9(10) 

-6.8(12) 

-13.3(13) 

-19. 5(   9) 

-15.6(13) 

-22.4(13) 


6.2(11)       -5.4(   7)         9.2(11)       -5.6(  8)     10.4(   5)     -6.l(l3) 


Crop 

PLOfclAND 

Reporting 

VMBi 

HAY 

PASTURE 

District 

Inc. 

Dec. 

Inc. 

Dec. 

Inc. 

Dec. 

Northwest 

12.3(   9) 

-14.1(10) 

4.1( 

8) 

-3.9(11) 

2.0(   6) 

-4.2(13) 

Northeast 

17.4(11) 

-14. 2(   8) 

2.5( 

9) 

-4.5(10) 

5.4(   6) 

-5.3(13) 

West 

19. 0(   9) 

-13.5(10) 

17.7( 

8) 

-12.0(11) 

5.4(   8) 

-7.5(11) 

Central 

13.0(10) 

-15. 3(   9) 

11. 6( 

8) 

-8.8(11) 

4.6(   7) 

-7.5(12) 

East 

25.1(12) 

-19. 2(   7) 

12. 7( 

6) 

-7.6(13) 

6.4(    6) 

-7.6(13) 
-7.3(15) 

Vv -Southwest 

10.7(12) 

-17.4(   7) 

12.1( 

7) 

-11.4(12) 

6.3(   4) 

E-Southeast 

14.7(14) 

-18. 8(    5) 

14.  4( 

4) 

-10.3(15) 

3.0(   3) 

-6.2(16) 

Southwest 

6.9(   9) 

-9.1(10) 

7.4( 

7) 

-6.9(12) 

6.7(   8) 

-8.4(11) 

Southeast 

11.8(13) 

-J5.4(   6) 

9.4( 

4) 

-7.8(15) 

7.4(    5) 

-7.3(14) 

STATE 

8.7(13) 

-17.8(   6) 

7.1( 

7) 

-5.7(12) 

2.3(   5) 

-5.4(14) 

aData  are  based  on  planted  acres  of  the  grain  crops,  harvested  acres 
of  hay,  and  the  land  reported  in  plowland  pasture  irrespective  of  its  use. 

^Numbers  in  parentheses  indicate  the  number  of  year-to-year  increases 
or  decreases  entering  the  average  percentage  change  presented.     For  the 
state  as  a  whole,  there  was  no  change  in  the  planted  acres  of  corn  frorc 
1953  to  1954  and  of  oats  from  1955  to  1956. 


and  those  years  in  which  decreases  occurred.  For  example,  for  the  north- 
west district,  corn  acreage  increased  over  the  previous  years  12  times, 
but  decreased  only  seven  times.  For  the  years  in  which  increases  occurred, 
the  increase  in  planted  corn  was,  on  the  average,  4.2  percent;  for  years 
in  which  decreases  occurred,  the  average  decrease  was  2.1  percent.   In 
general,  the  major  crops  show  less  tendency  for  pronounced  year-to-year 
shifts  in  acreage.  Thus,  the  results  in  Table  1  offer  reasonable  belief 
for  making  such  an  assumption  for  Illinois. 

In  Kansas,  on  the  other  hand,  the  year-to-year  shifts  between  major 
crops  were  more  pronounced.  As  an  example,  corn  (planted)  had  an  average 
percentage  increase  of  41.2  and  an  average  percentage  decrease  of  20.3 
percent.  These  percentages  denote  shifts  in  corn  acreage  for  the  whole 
state  of  Kansas  and  not  for  any  one  particular  area.  Some  of  the  areas 
actually  displayed  larger  percentage  changes  than  the  above  figures.  The 
changes  in  land  use  represent  a  pronounced  difference  between  the  two  states. 
The  major  reason  for  these  differences  was  apparently  due  to  different 
climatic  conditions. 

The  average  yearly  rainfall  for  Illinois  is  more  abundant  and  more 
stable  from  year  to  year  than  that  experienced  in  Kansas.  This  is  par- 
ticularly true  for  western  Kansas  where  the  highly  variable  weather  con- 
ditions cause  yields  to  fluctuate  more  than  they  do  in  the  eastern  part  of 
the  state  and  other  more  humid  areas.  The  average  annual  precipitation  for 
western  Kansas  ranges  from  16  to  24  inches.  The  range  for  the  eastern  one- 
half  of  the  state  varies  from  26  inches  to  40  inches  in  the  extreme  south- 
east corner  of  Kansas. 


3 


There  is  a  good  reason  for  the  distribution  of  annual  precipitation. 
Practically  the  only  source  of  moisture  for  precipitation  in  Kansas  is  the 
Gulf  of  Mexico.  A  map  of  the  United  States  shows  that  Kansas  lies  just  a 
little  too  far  to  the  west  to  be  under  the  major  portion  of  the  warm,  moist, 
southwesterly  flow  of  air  from  the  Gulf.  The  southeastern  section  of 
Kansas  is  frequently  favored  by  this  flow  of  air  from  the  Gulf  and  thus 
has  the  highest  annual  rainfall.  Toward  the  western  part  of  the  state, 
this  type  of  flow  is  less  frequent,  and  consequently,  there  is  less  rain. 
Historically,  the  high  variability  of  rainfall  has  caused  western  Kansas  at 
certain  times  to  be  known  as  the  Great  American  Desert  and  the  Dust  Bowl. 
When  poor  yields  coincide  with  poor  prices  and  when  this  condition  persists 
over  a  period  of  years,  many  farmers  suffer  acute  financial  distress. 

The  problem  facing  the  farmer  particularly  in  western  Kansas  seems 
to  fall  largely  in  the  general  area  of  uncertainty.  It  has  become  in- 
creasingly more  important  for  this  farmer  to  have  a  flexible  cropping 

system  with  a  combination  of  various  crops.  This  has  a  tendency  to  reduce 

7 

the  number  of  years  in  which  there  would  be  a  complete  crop  failure.   The 

importance  of  the  degree  of  flexibility  for  the  Kansas  farmer  will  become 
evident  in  Chapter  Two*  The  relative  stability  of  a  cropping  system  be- 
comes important  when  one  tries  to  estimate  the  percentage  of  each  of  the 
five  major  crops  for  each  area  in  Kansas.  The  increase  in  flexibility  of 

^L.  Dean  Bark,  Rainfall  Patterns  in  Kansas,  Kansas  Agricultural 
Experiment  Station  Reprint  No.  9  (Manhattan:  Kansas  State  University  of 
Agriculture  and  Applied  Science,  May,  1961). 

^Emery  N.  Castle,  Adapting  Western  Kansas  Farms  to  Uncertain  Prices 
and  Yields,  Kansas  Agricultural  Experiment  Station  Technical  Bulletin  75 
(Manhattan:  Kansas  State  University  of  Agriculture  and  Applied  Science, 
February,  1954),  5-42. 


land  use  in  Kansas  relative  to  Illinois  makes  the  land  use  pattern  more 
difficult  to  predict  and  thus  it  may  be  a  major  reason  for  Kansas  estimates 
to  be  farther  from  the  actual  land  use  pattern  than  those  for  Illinois. 


CHAPTER  II 
THE  DEGREE  OF  YEAR-TO-YEAR  ACREAGE  ADJUSTMENTS 

Table  2  shows  the  year-to-year  changes  in  acreages  devoted  to 
different  crops  which  can  be  interpreted  as  the  willingness  of  farmers  to 
make  adjustments  as  changes  in  the  conditions  under  which  cropping  plans 
are  developed  for  Kansas  occur.  The  percentage  changes  are  shown  for  the 
15  type-of-farming  areas  for  Kansas.  At  the  bottom  of  the  chart  are  shown 
the  average  changes  for  the  state  which  are  computed  from  the  total  state 
acreage  figures.  Over  the  twenty-year  period,  1941-1960,  the  percentage 
acreage  adjustments  are  divided  into  those  years  in  which  planted  acres 
increased  from  the  previous  year,  and  those  years  in  which  decreases  oc- 
curred. For  example,  wheat  in  Area  5  had  percentage  increases  after  10 
years  ind  decreases  for  9  years  over  the  twenty-year  period.  For  the 
years  in  which  increases  occurred,  the  increase  in  planted  wheat  acres 
was,  on  the  average,  11.4  percent;  for  years  in  which  decreases  occurred, 
the  average  decrease  was  12.3  percent. 

The  average  percentage  changes  in  Table  2  obscure  some  substantial 
shifts  in  planted  acres  in  individual  years.  The  line  graphs  in  Appendix 
II  for  each  of  the  fifteen  aieas  indicate  the  actual  year-to-year  shifts. 
In  Fig.  2  through  Fig.  6,  a  double  vertical  bar  chart  was  used  to  compare 
the  average  increase  to  the  average  decrease  for  the  twenty-year  period 

10 
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TABLE  2.— Acreage  adjustments  of  principal  Kansas  crops  expressed  as 
average  percentage  increases  and  decreases  from  preceding  year  1941-1960€ 


Crop 

WHEAT 

CORN 

OATS 

Reporting 

Area 

Inc. 

Dec. 

Inc. 

Dec. 

Inc. 

Dec. 

1 

13.9(   8)D 

45.2(11) 

14.3(11) 

20.8(   8) 

2 

23.2(11) 

19.3(   8) 

10.2(12) 

15. 1(   7) 

3 

12.1(10) 

15. 2(   9) 

08.8(10) 

03.4(   9) 

4 

26.6(   9) 

13.3(10) 

07.4(11) 

08. 6(  8) 

5 

11.4(10) 

12.3(   9) 

17.6(   6) 

08.9(13) 

6a 

06.9(10) 

10.4(   9) 

21.5(10) 

13. 0(  9) 

6b 

07.6(11) 

12.0(   8) 

39. 9(   7) 

19.4(12) 

7 

11. 5(   9) 

10.5(10) 

24.5(10) 

28.3(  9) 

8 

12.9(   8) 

10.2(11) 

14. 8(   7) 

11.0(12) 

9 

14. 8(   9) 

11.8(10) 

46.0(10) 

38. 3(   9) 

10a 

31. 2(  9) 

15.1(10) 

06. 3(   8) 

28.4(11) 

10b 

45.4(   7) 

11.3(12) 

90.2(10) 

31. 4(   9) 

10c 

18.4(   9) 

12.1(10) 

77.8(   8) 

32.1(11) 

11 

11. 5(   9) 

09.8(10) 

43.4(   6) 

18.5(13) 

12 

49.1(10) 

16. 8(   9) 

94. 9(   7) 

22.0(12) 

26. 7( 

9} 

26.5( 

32.8( 

!   9] 

27. 1( 

26. 3( 

I   8] 

1       22.5( 

16.71 

5] 

1       16. 8( 

20.81 

[10] 

1       26. 1( 

24.41 

!   9] 

1       20.0( 

23.81 

[12] 

\       36. 3( 

32.91 

!   7] 

1       21. 0( 

15.51 

!  9] 

►       21. 9( 

42.31 

I    7] 

I       25. 5( 

29.0 

!  9\ 

I       29. 2( 

64.4 

I  9) 

>       42. 3( 

65.5 

[  9 

)       35. 8( 

26.3 

(   9 

)       27.0( 

65.3 

(10 

)       46.3( 

(10) 
(10) 

(11) 
(11) 

(  9) 
(10) 
(  7) 
(12) 
(10) 
(12) 
(10) 
(10) 
(10) 
(10) 
(   9) 


TABLE  2  -  Continued 


Crop 

BARLEY 

Reporting 
Area 

Inc. 

Dec. 

1 

185. 4(  6) 

24.4(13) 

2 

147. 6(  7) 

31.6(12) 

3 

110. 4(  8) 

31.6(11) 

4 

80.5(11) 

37. 3(  8) 

5 

119. 7(  8) 

32.7(11) 

6a 

170.5(11) 

53. 2(  8) 

6b 

99. 7(  9) 

37.8(10) 

7 

62.8(10) 

39. 9(  9) 

8 

52.7(11) 

46. 2(  8) 

9 

55.6(10) 

35. 1(  9) 

10a 

33.4(10) 

30. 1(  9) 

10b 

96. 9(  7) 

31.2(12) 

10c 

104.4(10) 

43. 8(  9) 

11 

55. 1(  7) 

25.3(12) 

12 

71. 7(  8) 

31.1(11) 

SORGHUM 


Inc. 


Dec. 


75. 7(  8, 

1   21. 2( 

42. 9(  9, 

)   20. 2( 

47.1(13, 

)   32.5( 

81.0(11] 

)       33. 7( 

34. 8(  9] 

►   21. 1( 

56.3(12] 

1   32. 1( 

43.1(12] 

)       23. 3( 

78.5(11] 

1   32. 6( 

80.0(10] 

}   30. 3( 

75.8(10] 

1   26. 1( 

17.2(10] 

1   44. 3( 

79.0(10] 

>   33. 2( 

140. 5(  9] 

1   34. 9( 

142.1(  9] 

37. 9( 

177.6(10] 

1   48. 9( 

(11) 

(10) 
(  6) 
(  8) 
(10) 
(  7) 
(  7) 
(  8) 
(  9) 
(  9) 
(  9) 
(  9) 
(10) 
(10) 
(  9) 


aData  are  based  on  seeded  acres  for  wheat,   corn,  oats,   barley; 
harvested   acres  for  grain  sorghum. 

bNumbers  in  parentheses   indicate  the  number  of  year-to-year 
increases  or  decreases   entering  the  average  percentage  change  presented. 
For  the  state  as  a  whole,  there  was  no  change  in  the  seeded  acres  of 
wheat  from  1945  to  1946,   from  1958  to   1959;   oats  from  1953  to  1954,   from 
1955  to  1956. 
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for  each  of  the  crops  considered.  The  frequency  of  the  number  of  per- 
centage increases  and  decreases  is  shown  atop  each  set  of  bars  for  that 
particular  area.  Again,  this  obscures  the  actual  shifts  in  planted  acres 
for  individual  years.  But  the  charts  are  convenient  for  making  compari- 
sons of  average  percent  increases  and  decreases  between  areas.  To  indi- 
cate year-to-year  shifts  it  may  be  well  to  look  at  a  few  individual  years 
during  the  twenty-year  period. 

The  war-time  incentives  made  the  Kansas  1942  crop  production  the 
second  largest  on  record  at  that  date,  exceeded  only  by  that  of  1931. 
Although  the  acreage  in  crops  declined  about  1.4  percent  in  1942,  produc- 
tion was  21  percent  higher  than  that  of  the  previous  year.  Outstanding 
high  yields  were  made  possible  by  a  combination  of  unusually  favorable 
weather  and  war-time  demands  that  called  for  maximum  effort,  insuring  a 
market  for  practically  everything  that  farmers  could  produce.  Even  though 
seeded  acres  of  wheat  were  15  percent  below  the  1941  period  for  Kansas, 
the  wheat  crop  was  the  largest  exceeded  only  by  the  1931  crop.  Area  1 
had  the  largest  decrease,  35.9  percent,  in  wheat  acreage,  but  a  consider- 
able increase  in  the  acreage  of  barley  and  corn  as  compared  to  that  of  the 
previous  year.  For  the  state,  barley  had  a  seeded  acreage  increase  of 

24.2  percent  while  corn  increased  24.0  percent.  The  corn  crop  for  that 

8 
year  was  the  largest  since  1932,  again  reflecting  the  war-time  incentives. 

Total  agricultural  production  was  down  in  1945.  There  was  a  decrease 

in  seeded  acres  of  corn,  oats,  and  barley  as  well  as  a  decrease  in  harvested 

^Biennial  Reports  of  the  State  Board  of  Agriculture  (Kansas  State 
Board  of  Agriculture,  1942). 
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Fig.  2. —  Bar  chart  of  acreage  adjustments  for  wheat  in  Kansas 
expressed  as  average  percentage  increases  and  decreases  from  preceding 
year  1941  -  1960. 
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Fig.  3.  Bar  chart  of  acreage  adjustments  for  corn  in  Kansas 
expressed  as  average  percentage  increases  and  decreases  from  preceding 
year  1941  -  1960. 


Per  cent 


90  . 

80  _ 


16 


70  . 
60  - 
50  . 
40  ., 
30  - 
20  - 
10 


10 


•I 

i 


9 


12 

i 


i 


10 


1 

I 


9 

■ 


10 


I 


> 


I 


I 


10 


4 


I 


10 

I 


10 


I 

i 


* 


3    4    5   6a  ■  6b   7    8 

Areas 


10a   10b  10c  11.  12 


Fig.  4. — Bar  chart  of  acreage  adjustments  for  oats  in  Kansas 
expressed  as  average  percentage  increases  and  decreases  from  pre- 
ceding year  1941  -  1960. 
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Fig.  5. --Bar  chart  of  acreage  adjustments  for  barley  in  Kansas 
expressed  as  average  percentage  increases  and  decreases  from  preceding 
year  1941  -  1960. 
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Fig.    6. — Bar   chart   of   acreage  adjustments   for  grain   sorghum   in 
Kansas   expressed   as   average  percentage   increases   and  decreases   from 
preceding  year   1941   -   1960. 

Notes:     The  numbers  atop  each  bar   indicate  the  frequency  of   ir.c.-eases  and 
decreases,  for  the  twenty-year  period. 

The  solid   bars   indicate   increases   and  the  hatched  bars    indicate 
decreases. 
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acres  of  grain  sorghum.  Barley  had  the  largest  percentage  decrease,  57.8 

percent,  in  seeded  acres.  Abnormal  weather  conditions  at  planting  time 

9 
played  a  large  role  in  the  cutback  of  seeded  acres. 

From  the  years  1949  to  1952,  the  number  of  seeded  acres  of  corn 
was  increasing  from  year  to  year.  The  average  increase  in  the  corn  acreage 
for  this  period  was  3.1  percent.  A  high  amount  of  moisture  and  cool  grow- 
ing seasons  during  this  period  made  conditions  excellent  for  bumper  corn 

10 

crops.    This  period  ended  in  1953  when  Kansas  was  faced  with  five  years 

of  hot,  searing  winds  and  a  lack  of  moisture  during  the  summer  growing 

11 

season.    For  the  state  of  Kansas  the  average  decrease  for  corn  during 

this  period  was  10.3  percent  in  seeded  acres.  Areas  1,  3,  and  12  had  the 
largest  cutback  in  seeded  acres  of  corn.  During  this  drought  period 
farmers  were  summer  fallowing  a  higher  number  of  acres  of  cropland,  thus 

taking  a  larger  number  of  acres  of  cropland  out  of  production.  The  acre- 

12 

age  of  corn  in  1956  reached  an  83-year  low  for  the  state.    Farmers 

planted  only  1,694,000  acres  for  all  purposes,  less  than  two  thirds  of 
the  10-year  average  and  less  than  one  fifth  of  the  peak  of  more  than  9 
million  acres  reached  in  1917. 

9  / 

Biennial  Reports  of  the  State  Board  of  Agriculture,  (Kansas  State 

Board  of  Agriculture,  19457. 

^Biennial  Reports  of  the  State  Board  of  Agriculture*  (Kansas  State 
Board  of  Agriculture,  1949-52*77 

^Biennial  Reports  of  the  State  Board  of  Agriculture,  (Kansas  State 
Board  of  Agriculture,  1953J. 

*-2Blennial  Reports  of  the  State  Board  of  Agriculture,  (Kansas  State 
Board  of  Agriculture,  19567. 
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During  this  period  there  was  an  indication  of  a  diverting  of  wheat 
and  corn  acres  to  sorghum  crops.  The  reduction  in  wheat  allotments  accentu- 
ated this  tendency  further.  The  1954  acreage  of  sorghums  was  Kansas1  largest 
on  record,  due  largely  to  heavy  abandonment  of  wheat  in  the  west  central  and 
southwestern  part  of  the  state.  In  1957  sorghum  was  the  Kansas  "Crop  of  the 

Year,*1  exceeding  wheat  in  acreage  and  production  for  the  first  time  in  the 

13 
state  s  history.    The  percent  increase  in  seeded  acres  for  grain  sorghum 

was  278.2  percent  above  that  of  1956.  Kansas  farmers  planted  3,166,000 

acres  of  sorghum,  one  fourth  more  than  in  any  previous  year.  On  the  other 

hand  the  wheat  crop,  totaling  100  million  bushels,  was  the  smallest  since 

1963. 

During  the  years  of  1958  to  1960  there  was  an  increase  in  seeded 

14 
acres  of  corn  for  each  year  during  this  period.    The  average  percent 

increase  was  9.3  percent  for  Kansas.  The  growing  season  for  corn  during 

this  period  was  favorable.  The  1959  year  was  generally  a  good  year  for 

crop  production,  but  a  second  stress  was  adding  to  the  already  uncertain 

condition  of  climate.  Sharply  rising  expenses  and  declining  farm  prices 

caught  many  of  the  farmers  in  a  cost-price  squeeze.  In  the  last  few  yaars 

of  the  20-year  period  there  appeared  to  be  more  acres  going  into  soybeans 

where  there  was  still  a  relatively  good  market.  This  was  only  true  in  those 

areas  suitable  to  soybean  production. 

i^iennial  Reports  of  the  State  Board  of  Agriculture,  (Kansas  State 
Board  of  Agriculture,  1957*57 

14Biennial  Reports  of  the  State  Board  of  Agriculture,  (Kansas  State 
Board  of  Agriculture,  1958-60). 
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In  1959,  prices  of  crops  averaged  the  lowest  in  14  years  with  most 
products  a   little  below  a  year  earlier.     Table  3  gives  some  indication  of 
declining  farm  prices  in  crop  production  for  the  1958  to  I960  period.     This 
is  compared  with  the  1952  to  1954  period,  a  period  in  which  farm  prices  were 
relatively  good.     The  largest  percentage  price  drop  was  in  corn,  followed 
by  barley  and  grain  sorghum  between  the  two  periods,     .heat  price  had  the 
smallest  percentage  decrease;   18.4  percent.     This  small  decrease  wa6  due 
largely  to  the  government  acreage  control  programs  and  price  supports  for 
wheat.     In  1959,  soybean  production  was  the  second  largest  in  history, 
totaling  9,114,000  bushels*   2  percent   less  than  the  1958  record  crop.     Soy- 
beans Ntart  planted  on  447,000  acres  ^ith  434,000  acres  cut  for  beans.     A 
new  high  record  in  soybeans  for  the  state  was  set   in  1960  totaling  12,392,000 
bushels.     Many  farmers  who  were  unable  to  get  their  intended  oats  acreage 
seeded  turned  to  soybeans  and  594,000  acres  were  planted,  of  which  536,000 

acres  were  harvested  for  beans.     Oats  seedlings  were  seriously  delayed  by 

15 
snow  cover  during  late  February  and  most  of    darch. 

After  taking  a  close  look  at  a  few  individual  years,  the  pronounced 
year-to-year  percentage  shifts  in  acreages  become  apparent.     This  is  indi- 
cated by  Fig.   2  through  6.     "heat  tended  to  be  the  most  stable  crop  in  the 
cropping  system  as  shown  by  Fig.   2.     Only  in  Areas   1  and  12  were  there 
significant  fluctuations  in  percentage  changes  in  seeded  acres  of  wheat. 
In  Area  1,  the  bar  chart  shows  a  significant  average  percentage  decrease  of 
acres  seeded  to  wheat.     'Most  of  this  was  due  to  the  period  between  1942  and 
1945.     The  acreage  seeded  to  wheat  in  1943  was  214.4  percent  less  than  the 

^Biennial  Reports  of  the  ft  ate  Board  of  Agriculture,   (Kansas  rtate 
Board  of  Agriculture,   1960). 
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TABLE  3. — Percent  change  in  price  from  the  1952-54  period  to  the  1958-60 
period  for  the  five  major  crops  grown  in  Kansas3 


WHEAT 

CORN 

OATS 

52-54 

58-60 

52-54 

58-60 

52-54 

58-60 

$2.09 

$1.70 

$1.76 

$1.05 

$1.03 

$0.59 

2.04 

1.75 

1.61 

1.04 

0.83 

0.65 

2.22 

1.75 

1.62 

0.97 

0.86 

0.66 

Total 

$6.35 

$5.20 

$4.99 

$3.06 

$2.72 

$1.90 

Av. 

$2.12 

$1.73 

$1.66 

$1.02 

$0.91 

$0.63 

Percent 
decrease 

18.4% 

38.6% 

30.8% 

BARLEY 

GRAIN 
52-54 

SORGHUM 
58-60 

SOYBEANS 

52-54 

58-60 

52-54 

58-60 

$1.26 

$0.74 

$1.56 

$0.95 

$2.69 

$1.85 

1.16 

0.74 

1.12 

0.80 

2.69 

1.85 

1.03 

0.70 

1.21 

0.73 

2.69 

1.85 

Total 

$3.45 

$2.18 

$3.89 

$2.48 

$8.07 

$5.55 

Av. 

$1.15 

$0.73 

$1.30 

$0.83 

$2.69 

$1.85 

Percent 

decrease 

36.5% 

36.2% 

31.2% 

aBiennial  Reports  of  the 

State  Board 

of  Agricu 

lture,  (Ka 

nsas  State 

Board  of  Agriculture,  1952-54,  1953-60lT 
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1942  acreage.  A  214.4  percent  change  in  wheat  for  Area  1  would  not  affect 
total  acres  of  wheat  for  Kansas  as  would  the  same  percent  change  in  western 
Kansas.  Wheat  in  Area  1  made  up  only  around  33  percent  of  the  total  acre- 
age devoted  to  the  five  crops  whereas  in  Area  11  around  75  percent  of  the 
total  acreage  for  the  five  crops  was  devoted  to  wheat.  But  it  is  not  the 
absolute  shift  in  acres,  but  the  relative  shift  from  year-to-year  that  is 
important  in  estimating  procedures.  In  Fig.  3,  corn  appeared  to  be  some- 
what stable  in  Area  1  through  Area  9.  Areas  10-a  through  12  showed  tc  be 
very  unstable  as  far  as  corn  production  is  concerned.  This  was  to  be 
expected,  and  was  due  to  dry  weather  conditions  and  a  small  number  of 
acres  devoted  to  corn  in  these  areas.  This  is  shown  by  the  line  graphs 
in  the  Appendix.  Oats  began  to  show  unstable  conditions  from  Area  6-b 
through  Area  12.  Again,  this  was  due  largely  to  a  low  number  of  acres 
devoted  to  oats  for  these  areas.  Barley  seemed  to  be  somewhat  unstable 
in  all  areas  in  regard  to  percentage  changes  in  acreage.  This  was  due  to 
a  small  production  of  barley  in  Kansas  relative  to  wheat,  corn,  and  grain 
sorghum.  Grain  sorghum  showed  to  be  the  most  unstable  of  the  five  major 
crops.  This  was  probably  due  to  two  reasons:   (l)  The  data  collected  for 
grain  sorghum  was  for  harvested  acres  and  yields  and  not  on  seeded  acres 
and  yields.  This  would  include  abandoned  acres  of  grain  sorghum  and  would 
cause  acreage  shifts  from  year  to  year  to  be  larger.  It  was  necessary  to 
use  harvested  acreage  figures  since  data  for  seeded  acres  have  not  been 
compiled  for  grain  sorghum.   (2)  A  second  reason  for  relatively  great 
sorghum  acreage  fluctuations  was  that  grain  sorghum  was  used  as  a  sub- 
stitute for  wheat  in  the  cropping  system  under  certain  conditions.  A 
situation  in  which  this  would  occur  could  be  a  dry,  hot  fall  during 
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wheat-sowing  time.  This  would  cause  a  large  percentage  of  abandoned 
acres  of  wheat  to  be  devoted  to  grain  sorghum  the  following  spring.   A 
situation  such  as  this  would  not  be  unlikely  for  western  Kansas.  Sub- 
stitution also  arises  between  the  grain  sorghum  and  corn  and  grain  sorghum 
and  oats;  the  degree  of  these  substitutions  depends  to  a  large  degree  on 
weather  conditions  during  the  seeding  time.  Since  1947,  the  yearly  crop 
production  totals  showed  an  increase  in  grain  sorghums.  The  increase  has 
been  mostly  evident  in  the  thirteen  southwestern  Kansas  counties,  and  is 
probably  due  to  the  increased  use  of  irrigation  in  this  area.  The  in- 
creased use  of  irrigation  could  be  listed  as  a  third  factor  causing  such  a 
high  average  percentage  increase  in  seeded  acres  as  shown  in  Fig.  6  for 
Area  10-b  to  Area  12.   Irrigation  has  increased  considerably  in  western 
Kansas  during  the  past  several  years,  and  it  has  been  estimated  that  14 
percent  of  the  cropland  in  these  thirteen  counties  is  irrigated.  Six  per- 
cent of  all  grain  sorghum  acres  harvested  and  15  percent  of  the  total  pro- 

16 
duction  in  Kansas  in  1957  was  irrigated. 

When  comparing  the  year-to-year  acreage  adjustment  between  Kansas 
and   Illinois,  the  average  state   increase  in  Illinois   for  wheat  was  only 
8.7  percent  and  an  average  decrease  was   17.8  percent   for  the  1940  to   1959 
period.     During  the  1941  to  1960  period   for  Kansas,   the  average  percent   in- 
crease in  wheat  acreage  was   13.8  percent  and  an  11.6  percent  average  de- 
crease.    The  percentage  figures   for  Kansas  were  not  too  different   from 

^"Donald  R«  Grimes  and  Jack  T.  Musick,  How  Plant  Spacing,  Fertility, 
and  Irrigation  Affect  Grain  Production  in  Southwestern  Kansas,  Kansas 
Agricultural  Experiment  Station  Bulletin  414  (Manhattan:  Kansas  State 
University  of  Agriculture  and  Applied  Science,  December,  1959),  p.  3. 
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the  Illinois  figures.  The  noticeable  difference  was  in  area-to-area 
comparisons  between  the  two  states.  The  eastern  part  of  Illinois  seemed  to 
fluctuate  the  most  in  acreage  changes  relative  to  other  areas  in  Illinois. 
The  average  increase  was  25.1  percent  and  an  average  decrease  was  19.2 
percent.  Area  12  in  Kansas  had  an  average  increase  of  49.1  percent  and 
an  average  decrease  of  16.3  percent.   In  general  those  areas  in  Kansas 
that  experienced  large  average  percentage  increases  had  low  average  per- 
centage decreases.  The  same  inverse  relationship  was  true  for  those 
areas  that  had  high  average  percentage  decreases.  This  relationship  was 
not  true  for  all  areas  nor  did  it  hold  true  for  the  five  crops.  But  this 
does  give  some  explanation  why  the  state  average  percentage  changes  were 
fairly  low  when  actually  some  of  the  individual  areas  had  witnessed  large 
shifts.  As  for  oats,  Illinois  had  a  percentage  increase  for  the  state 
of  10.5  percent  and  an  average  decrease  of  6.1  percent.  Comparing  this 
with  Kansas,  Kansas  had  an  average  percentage  increase  in  oat  acreage  of 
34.0  percent  and  a  decrease  of  28.3  percent.  The  changes  of  these  magni- 
tudes represent  tremendous  differences  in  the  acreage  adjustments  between 
the  t/io   states.  Taking  corn  as  another  example,  Illinois  had  a  percent 

increase  of  6.2  as  compared  to  41.2  percent  for  Kansas;  a  percent  decrease 

17 

of  5.4  for   Illinois  as  compared  to  20.3  percent  for  Kansas.         The  state 

avarages   for  Kansas  obscure  the  actual   increases  and  decreases  of  the 
individual   areas  due  to  the  inverse  relationship  between  average  year-to- 
year   increases  and  average  year-to-year  decreases   in  individual  areas.     It 
was  the  acreage  shifts  within  the  type-of -farming  areas  that  were  estimated, 


1  7 

x 'The  percentages  are  from  Tables  1  and  2. 
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and  thus,  the  average  percentage  acreage  shifts  within  these  areas  *ere  of 
more  importance  than  the  acreage  shifts  for  the  state  as  a  whole. 

The  percentage  changes  in  Table  1  and  Table  2  represent  responses 
to  many  different  dynamic  factors  in  the  setting  in  which  farmers  operate 
and  decide  on  a  cropping  program.   Cuch  factors  would  be  price-cost 
relationships,  government  programs,  improved  technology,  etc.   Although 
the  historical  average  percentage  changes  in  acres  summarize  a  reaction  to 
a  mixture  of  events,  weather  conditions  and  price  changes  occupy  the  greater 
part  of  this  mixture.  After  looking  at  a  few  individual  years  it  becomes 
evident  how  abrupt  changes  in  seasonal  rainfall  affect  cropping  systems 
for  a  Kansas  farmer.  History  shows  that  the  rainfall  pattern  for  Kansas 
is  cyclic  in  nature,  i.e.,  the  poor  and  good  years  tend  to  occur  in  cycles. 
A  farmer  may  experience  two  to  three  years  of  dry,  hot  winds  followed  by 
several  years  of  above  average  annual  rainfall  with  a  cool  growing  season. 
A  period  of  below  normal  rainfall  and  above  average  temperatures  may  en- 
courage a  farmer  to  make  an  abrupt  change  in  his  cropping  system.  He  will 
be  encouraged  to  plant  those  crops  that  are  able  to  stand  a  dry  period. 
This  would  be  especially  true  for  western  Kansas.   Historical  data  tend 
to  point  this  out.  Also,  the  weather  conditions  at  seeding  time  play  a 
large  role  in  affecting  a  farmer's  cropping  system.  Cases  were  cited 
where  actual  decreases  in  seeded  oat  acres  were  due  to  a  wet-cool  planting 
period.  These  acres  were  usually  used  later  for  planting  of  sorghums  or 
soybeans  in  the  eastern  part  of  the  state.  The  cost-price  squeeze  in  crop 
production  caused  a  shift  away  from  some  crops  to  other  crops  which  at  the 
time  seemed  to  offer  a  greater  return  as  seen  by  an  individual  farmer. 
There  was  little  way  of  estimating  the  relative  importance  of  the  cost-price 


27 


squeeze  causing  a  shift,  but  to  only  expect  that  it  did  have  a  great  deal  of 
importance.  The  same  cost-price  squeeze  faced  the  Illinois  farmer.  The 
magnitude  of  the  squeeze  would  be  greater  for  a  Kansas  farmer  in  instances 
where  poor  yields  coincided  with  poor  prices  and  particularly  when  this 
condition  persisted  over  a  period  of  years.  The  cycles  talked  about  are 
not  predictable  or  of  a  regular  duration,  and  it  is  difficult  to  establish 
statistically  that  such  cycles  occur.  Farmers  probably  show  a  lagged 
response  to  a  drought  period.  That  is  to  say,  farmers  expect  conditions 
for  the  forthcoming  year  to  be  similar  to  the  present  year,  and  thus  base 
their  cropping  system  for  that  year  on  the  present  conditions.  The  same 
would  be  for  above  normal  conditions.  They  are  unable  to  estimate  when 
the  shift  from  a  drought  period  to  a  normal  period  will  occur  and  there 
will  be  a  tendency  for  them  to  respond  during  the  second  cropping  season 
after  the  shift  occurred.  This  cyclic  tendency  between  good  and  bad  years 
plus  price  changes  have  caused  the  Kansas  farmer's  cropping  system  to  be 
somewhat  more  flexible  than  that  for  an  Illinois  farmer.  The  poor  and 
good  years  reflect  on  total  production  of  crops.  A  series  of  bad  years 
will  cut  yields  and  may  cause  a  diverting  of  acres  away  from  one  crop  to 
a  crop  more  adaptable  to  the  prevailing  conditions.  Thus,  the  two  vari- 
ables, yield  variability  and  acreage  changes,  have  pronounced  effect  on 
the  total  production  of  crops.  Their  effects  on  crop  production  are 
discussed  in  the  next  chapter. 


CHAPTER  III 


IMPORTANCE  OF  ACREAGE  AND  YIELD  CHANGES 
IN  YEAR-TO-YEAR  PRODUCTION  VARIATION 


The  objective  of  this  chapter  is  to  assess  the  relative  stability 
of  the  land  use  on  the  cropping  system. 

Changes  from  one  year  to  the  next  in  total  production  of  a  crop 
are  due  to  changes  in  total  acres  planted  to  that  crop  and  changes  in  the 
yield  per  acre  planted.  A  question  often  arises  which  of  the  two  variables 
are  more  instrumental  in  causing  variation  in  production  normally  experi- 
enced from  year  to  year.  The  relative  importance  of  these  variables  can 
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be  determined  by  least-squares  regression.  It  can  be  said  that  total 

production  of  a  crop  is  a   function  of  acres  times  yield.     This  can  be  ex- 
pressed algebraically  as  follows: 

P  =  A  x  Y 
where  P  is  total  production,   A  is  acreage  seeded,   and  Y  is  average  yield 
per  acre.     The  relationship  can  be  expressed   in  a   logarithmic  form: 

log  P  =  log  A  +  log  Y 
When  expressed  as  first  differences  of  logarithms,  to  get  changes  from 
the  preceding  year,  the  equation  becomes: 

Alog  P  =  <41og  A  +Alog  Y 


l^S.  M.  Sackrin,  "Measuring  the  Relative  Influence  of  Acreage  and 
Yield  Changes  on  Crop  Production,"  U.  S.   Agricultural  Economics  Research, 
Vol.    IX,   No.   4   (October,    1957),   136-39? 
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A  least-squares  regression  was  computed,  with  A  log  P  as  the 
dependent  variable  X,,  and  A  log  A  and  A  log  Y  as  the  independent 
variables  X2  and  X3,  respectively.  The  only  statistical  coefficients 
required  were  b2i  and  b31 .  Their  sum  will  equal  exactly  1.00.  The 
coefficients  may  be  interpreted  as  followsi  on  the  average,  for  each 

1  percent  change  in  production  from  the  preceding  year,  percent  is 

ascribable  to  X2  (acreage  changes)  and  __.  percent  is  ascribable  to  X3 
(yield  changes).  This  follows  because  the  coefficient  b2j  measures  the 
change  in  X2  associated  with  a  one-unit  change  in  Xj,  while  the  coefficient 
b3i  measures  the  change  in  X^  associated  with  a  one-unit  change  in  Xj. 
As  the  data  were  expressed  in  first  differences  of  logarithms,  the  unit 
change  involved  here  was  a  one-percent  change  from  the  preceding  year. 
This  unit  change  was  the  exact  sum  of  the  changes  in  the  two  determining 
variables,  hence  the  coefficients  b2l  and  b3^  represent  the  proportion 
that  each  comprises  of  the  total. 

Much  of  the  computational  labor  consisted  of  obtaining  the  logarithms 
and  computing  the  first  differences.  Below  is  an  example  to  show  the 
computational  procedure  in  calculating  b2i  and  b^i*     The  example  illustrated 
is  for  Area  5  and  the  crop  is  corn.  The  data  for  this  example  for  the 
twenty-year  period  is  shown  in  Table  4. 

The  data  was  first  expressed  in  terms  of  logarithms.  The  year-to- 
year  changes  in  yields,  production,  and  acres  are  shown  in  logarithms  by 
subtraction.  For  an  example,  the  production  of  corn  in  1941  in  Table  5 
expressed  in  logarithms  was  3.83283.  For  1942  corn  production  was  3.54108. 
The  difference  found  by  subtraction  was  -0.29708  as  shown  in  Table  6.  The 
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TABLE  4. --Corn  production  records  fox  area  5  from  1941  to  1960 


Acreage  Yield 

3a 
10 


610  11.2 

292  11.9 

288  12.4 

354  16.7 

422  15.0 

425  17.4 

507  13.7 

601  18.6 

636  15.4 

515  20.8 

571  9.5 

539  22.2 

589  20.0 

449  25.2 

427  20.7 

443  25.4 

438  22.4 

437  29.8 

454  23.8 

442  24.7 


8The  original  data  for  production  and  acreage  have  been  divided  by 
1,000  for   ease  of  computation. 


Year 

Production 

io3a 

1941 

6,805 

1942 

3,476 

1943 

3,578 

1944 

5,902 

1945 

6,345 

1946 

7,387 

1947 

9,460 

1948 

11,194 

1949 

9,805 

1950 

10,716 

1951 

5,402 

1952 

11,977 

1953 

11,778 

1954 

11,313 

1955 

8,820 

1956 

11,229 

1957 

9,809 

1958 

13,035 

1959 

10,809 

1960 

10,931 

TABLE  5. — The  data  from  Table  4  expressed  in  five-place  loyarithms 
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LOG  P 


LOG  A 


LOG  Y 


YEAR 


3.33283 
3.54108 
3.55364 
3.77100 
3.S0243 
3.86847 
3.97589 
4.04883 
3.99145 
4.03019 
3.73255 
4.07346 
4.07115 
4.05346 
3.94547 
4.05038 
3.99162 
4.11523 
4.03333 
4.03362 


2.76533 
2.46D33 
2.45939 
2.54900 
2.62531 
2.62839 
2.70501 
2.77887 
2.80346 
2.71131 
2.75664 
2.73159 
2.77012 
2.65225 
2.63043 
2.64640 
2.64147 
2.64048 
2.65706 
2.64542 


1.04532 
1.06819 
1.08991 
1.22531 
1.16732 
1.23045 
1.27416 
1.28103 
1.17898 
1.31306 
0.94448 
1.34044 
1.31597 
1.41162 
1.36549 
1.43136 
1.35025 
1.47567 
1.35218 
1.33917 


1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 


TABLE  6. — The  year-to-year  changes  expressed   in  logarithms. 
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LOG  P   (Xx) 


LOG  A   (X2) 


LOG  Y   (X3) 


YEAR 


-0.29703 
0.01573 
0.22501 
0.01832 
0.06621 
0.12033 
0.03073 

-0.07746 
0.04743 

-0.32875 
0.37091 
0.01406 

-0.02222 

-0.06795 
0.08184 

-0.08604 
0.12443 

-0.10691 
0.02535 


-0.31995 

-0.00599 

0.08961 

0.07631 

0.00308 

0.07662 

0.07386 

0.02459 

-0.09165 

0.04483 

-0.02505 

0.03853 

-0.11787 

-0.02182 

0.01597 

-0.00493 

-0.00099 

0.01658 

-0.01164 


0.02237 
0.02172 
0.13540 

-0.05799 
0.06313 
0.04371 
0.00687 

-0.10205 
0.13908 

-0.37358 
0.39596 

-0.02447 
0.09565 

-0.04613 
0.06587 

-0.08111 
0.12542 

-0.12349 
0.03699 


1941 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
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minus  sign  shows  an  actual  docreaso  in  production  fron  1941   to   1942.     The 
same  method  was   used   in  finding  year-to-year   changes   for  acres  and   for 
yields,   the  changes  being  expressed  as   logarithmic  differences.      After 
the  logarithmic  differences  were  calculated,    square  and  cross-product 
terms  '/.ere  calculated.     Tab'e  7  gives  the  square  and  cross-product  terms 
for  the  example  cited  above.      From  the  information  given  in  Table  7  the 
(b)  vclues   can  be  calculated. 
The  formula   for  b^i    ist 

b21  =  ^xixo/^xi  whsre   <^x.x2  =    *X.X     -  X  €  X 

and 

2  2 

£x"  =   ix     -  X  ^X% 

1  111 

b  .    computed  for  wheat  in  Area  5  is: 


b2l  =  0.10580  -  0.00150/0.46353 


b21  =  0.225 


The  formula  for  b3^  is: 


2 
bgj  =  ^XjX^/^x^  where  ^x^x^  ■  ^X^X-  -  X32x. 


and 

£%x  ■  ix^  -  x^x 


b  .  computed  for  wheat  in  Area  5  is: 

b3l  =  0.35991  -  0.00046/0.46353 


b31  =  °»775 


TACLE  7. — Tht  squares  and  cioss-product  terms  from  Table  6 
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A 

X1X2 

X1X3 

YEAR 

0 

1941 

0.08826 

0.09505 

-0.00679 

1942 

0.00025 

-0.00009 

0.00034 

1943 

0.05063 

0.02016 

0.03047 

1944 

0.00034 

0.00140 

-0.00106 

1945 

0.00438 

0.0002C 

-0.00413 

1946 

0.01443 

0.00922 

0.00526 

1947 

0.00652 

0.00596 

0.00055 

1948 

0.00600 

-0.00190 

0.00790 

1949 

0,00225 

-0.00435 

0.00660 

1950 

0.10308 

-0.01474 

0.12281 

1951 

0.13757 

-0.00929 

0.14687 

1952 

0.00020 

0.00054 

-0.00034 

1953 

0.00049 

0.00262 

-0.00213 

1954 

0.00462 

0.00148 

0.00313 

1955 

0.00670 

0.00131 

0,00539 

1956 

0.00740 

0.00042 

0.00698 

1957 

0.01548 

-0.00012 

0.01561 

1958 

0.01143 

-0.00177 

0.01320 

1959 

0.00064 

-0.00030 

0.00094 

1960 

£y?  =   0.46572 

^X,X0  =  0.10580 
1  2 

^X,X  =  0.35991 
1  3 
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b21   A    C31  "  ■ 


0.225  +  0.775  =  ] 


The  coefficients,   b2i  and  b2j  ^ere  estimated   for  wheat,   corn,  oats, 
barley,   and  grain  sorghuxt   in  each  of  the  15  different  type-of -farming 
areas   in  Kansas.     The  b  cosfficients  were  also  estimated  for  soybeans 
in  Areas   1,   2,  3,  4,   and  5  since  soybeans  as  a  crop  are  of  some  importance 
in  these  areas.     Table  8  lists  those  coefficients  for   each  of  the  areas. 
As  a  review,  the  method  employed  divides  the  average  year-to-year  changes 
in  production  into   its  two   component  parts— acreage  and  yield  changes. 
As  an  example,   consider  corn  in  Area  4.     This  is   in  northeast  Kansas 
including  the  counties  of  Nemaha,  Brown,  Doniphan,  Jackson,  and  Atchison. 
On  the  average,  over  the  20-year  period,  a  one-percent  change  in  production 
from  the  previous  year  was   composed  of  a  0.961  percent  change  in  yield  and 
a  0.039  percent  change  in  seeded  acres.     In  general,  the  contribution  of 
acreage  changes  was  relatively  small  for  crops  that  were  major  crops   in 
their  respective  areas.     For  wheat,  on  the  other  hand,  the  change  in 
total  production  due  to  changes   in  acreage  was  relatively  larger  than 
that  due  to  yields.     Conversely,   in  western  Kansas  the  changes   in  yields 
had  a  greater  effect  on  changes   in  total  production  of  wheat  than  changes 
in  acreages.     This  was  caused  by  unstable  weather  conditions  and  the 
importance  of  wheat   in  the  cropping  system.     ..'eather  conditions  were  more 
unstable  in  western  Kansas  as  compared  to  eastern  Kansas;   thus  causing  year- 
to-year  changes   in  yield  to  be  larger   in  western  Kansas.     Also,   for  many  of 
the  areas   in  western  Kansas  wheat   is  a  major  crop,   and   in  general,  the 
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contribution  of   acreage  changes  would  be  small  relative  to  yield  changes. 
For  wheat  the  areas  showing  the  greatest   importance  of  acreage  shifts 
were  Areas   1,   2,   and  3.      In  these  areas  wheat  was   less   important   in 
relation  to  other  crops   in  the  cropping  system. 

For  the  state  as  a  whole  there  was  a  general  trend  for  acreage 
changes  to  be  larger   in  the  areas  where  a  particular  crop  was   less  well 
adapted  to  that  area.     An  example  of  this  would  be  the  acreage  changes 
for  wheat  and  corn.     In  western  Kansas  acreage  changes  were  lower  relative 
to  eastern  Kansas  for  wheat,  wheat  being  the  dominant  crop  in  western 
Kansas.     The  opposite  held  true  for  corn.     Acreage  changes  for  corn  were 
higher  in  western  Kansas  than  in  eastern  Kansas  where  eastern  Kansas  pro- 
duced most  of  the  corn  raised   in  Kansas.     Barley  followed  the  same  general 
pattern  as  wheat  for  the  state.     There  seemed  to  be  no  general  pattern  for  grain 
sorghum.     One  area  may  have  had  a  higher  percent  acreage  change  while  a  neigh- 
boring area  may  have  had  a   low  acreage  change.     For  an  example,   Area  4  had  a 
percent  acreage  change  of  0.407  percent,  Area  5  had  a  0.514  percent  change, 
and  Area  6  again  had  a  0.710  percent  acreage  change. 

For  the  state  as  a  whole,  year-to-year  changes  in  yield  seemed  to  be 
substantially  more  influential  than  changes  in  planted  acres  in  determining 
production  changes.  The  remaining  chapters  will  be  devoted  to  actual  esti- 
mating yearly  acreage  cropping  systems. 


CHAPTER  IV 

PREDICTION  OF  1961  CROP  PLANTINGS 
BY  THE  USE  OF  LINEAR  PROGRAMMING 

The  objective  of  this  chapter  was  to  determine  the  optimum  land 
use  or  the  optimum  cropping  pattern  for  the  individual  type  of  farming 
areas,  and  to  ascertain  the  difference  between  the  actual  and  the  esti- 
mated crop  plantings. 

A  simple  linear  programming  model  was  used  to  estimate  the  crop 
plantings  for  each  of  the  15  areas  in  Kansas  for  1961,  based  on  informa- 
tion available  at  the  end  of  the  1960  crop  season.  The  theoretical  analysis 

based  upon  maximizing  behavior  was  developed  by  James  M.  Henderson  as  a 

19 
part  of  the  research  program  of  the  Harvard  Economic  Research  Project. 

It  was  assumed  that  the  objective  of  the  farmers  was  the  maximization  of 

returns  above  direct  costs.  Upper  and  lower  limits  on  adjustment  from 

1960  planted  acres  were  assumed  to  reflect  the  average  behavior  of  farmers 
since  1941.  The  upper  and  lower  limits  for  individual  crops  were  obtained 
from  the  figures  reported  in  Table  2.  Wheat  acreage  allotments  for 

1961  were  also  considered.  It  was  assumed  that  farmers  would  seed  the 
total  wheat  allotment  for  each  area,  or  the  maximum  limit,  which  will  be 


19 James  ,v,.  Henderson,  "The  Utilization  of  Agricultural  Land:  A 
Theoretical  and  Empirical  Inquiry,"  The  Review  of  Economics  and  Statistics, 
XLI  (August,  1959),  242. 
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explained  more  fully  later,  whichever  was  the  smaller.  The  total  acres 
in  the  five  crops--wheat,  corn,  oats,  barley,  and  grain  sorghum— were 
assumed  to  be  the  same  in  1961  as  in  1960. 

The  model  assumes  that  each  individual  farmer  within  an  area  is  a 
separate  decision-making  unit  and  that  all  domestic  crop  land  is  dis- 
tributed among  a  number  of  farmers.  Each  farmer  is  assumed  to  hold  a 
given  number  of  acres  of  cropland  of  a  given  type  within  an  area,  but 
different  farmers  may  hold  cropland  of  different  types  among  areas.  It  is 
the  decision  of  the  farmer  to  select  at  the  beginning  of  each  year  how  much 
of  his  land  to  devote  to  the  cultivation  of  each  of  (i)  alternative  crops. 
The  decisions  of  the  farmers  are  assumed  to  be  independent.  Since  there 
are  far  too  many  farmers  to  treat  each  as  a  separate  decision-making  unit 
in  an  empirical  analysis,  some  degree  of  aggregation  becomes  a  necessity. 
Each  of  the  15  type-of-farming  areas  in  Kansas  was  treated  as  a  single 
decision-making  unit,  assuming  a  high  degree  of  homogeneity  within  areas. 
Thus,  each  area  was  treated  as  one  individual  farmer. 

+  h 

The  m       area's  land  utilization  pattern  is  given  by  a  set  of  values 
for  the  acreages  for  each  of  the  (i)  crops,  which  are  assumed  to  be  grown 
separately.     The  choice  of   land  utilization  patterns  was   limited  by  the 
fact  that  an  area   cannot  devote  more  land  than  it  possessed  to  the  culti- 
vation of  crops.     The  constraint  could  be  written  as» 

.    ,     15         5  < 

(1>     £  £   (xim  -  am)   (i  =  1,    ,   5)     (m  =  1,    ,    15) 

m=l  i=l 

where  x,   is  the  number  of  acres  devoted  to  the  i   crop  and  am  is  the  total 

th 
number  of  acres  devoted  to  the  five  crops  in  the  previous  year  for  the  m   area. 
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The  land  utilization  decisions  for  any  area  are  conditioned  by  a 
number  of  economic,  technical,  institutional,  and  sociological  factors. 
Factors  such  as  costs,  prices,  and  yields  are  quantifiable,  but  factors 
such  as  knowledge,  and  uncertainty  are  not  easily  identifiable  and  hardly 
possible  to  be  quantifiable.  The  factors  that  cannot  be  easily  measured 

can  be  reflected  in  an  area's  reluctance  to  make  large  changes  in  an 

20 
established  land  utilization  pattern.    Within  an  area  it  was  assumed  a 

reluctance  to  shift  a  large  proportion  of  the  acreage  to  the  crop  which 

promised  the  largest  return  since  a  number  of  benefits  can  be  derived 

from  diversity.  Diversity  means  the  ability  to  practice  advantageous  crop 

rotation  and  labor  distribution. 

From  these  assumptions  the  crop  allocation  patterns  were  not  assumed 

to  be  computed  anew  for  each  crop  year.  Deviations  from  the  1960  cropping 

system  in  terms  of  the  1961  plantings  were  determined  from  historical  data 

since  1941  on  acreage  changes.  From  this  an  inequality  can  be  written 

indicating  the  maximum  and  minimum  limits  which  indicate  a  desire  for 

diversity  and  a  reluctance  to  depart  from  an  established  pattern: 

<    < 

(2)   (1  -/3im,  min.)  x[m  -  xim  -  (l  +^im,  max.)  X*m 

(i  =  If  ,  5)  (m  =  1,  15) 

where  x.   is  the  acreage  which  the  m   area  devoted  to  the  i   crop  in  the 
year  1960,  and  /^m»  min.  and/3^,  max.  are  respectively  the  minimum  and 


°For  the  purpose  of  this  analysis,  it  was  assumed  there  would  be 
only  moderate  changes  in  the  cropping  system  within  each  area  from  year 
to  year.  This  assumption  may  be  somewhat  in  violation  with  some  of  the 
conclusions  reached  earlier. 
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maximum  proportions  by  which  there  is  willingness  on  the  part  of  producers 
to  deviate  from  an  established  cropping  pattern.  The  @  coefficients  were 
assumed  to  be  constant  for  the  determination  of  an  area's  1961  land 
utilization  pattern. 

There  was  no  precise  method  for  calculating  the  ft   coefficients. 
However,  the  coefficients  have  to  meet  certain  conditions.  One  condition 
is  that  the  maximum  potential  increase  for  one  of  the  crops  could  not  be 
greater  than  the  sum  of  the  maximum  potential  decreases  for  the  remaining 
crops.  This  can  be  shown  by  the  relations 

<  5  * 

(3)  /3im,  max.  x?m  -  ^  ^  /3 ^  min.  xkm  (i  =  1,  5) 

If  this  condition  were  met  it  would  be  impossible  to  meet  the  conditions 
set  forth  in  (2). 

Each  of  the  maximum  potential  acreage  declines  must  also  be 
obtainable.  Therefore, 

<  5 

(4)  fi .    ,  min.  xf  -  £   A.  max.  x*  (i  =  1,  5) 

*  '  ^  inrr      lm    "u   .  'km'      km  x     '  ' 

It  would  be  impossible  for  the  two  conditions  above  to  describe  the 
behavior  of  an  individual  area,  but  boundaries  can  at  least  be  estimated 
for  feasible  /3  coefficient  values.  Thus,  there  was  no  direct  method  for 
estimating  the  S  coefficients.  This  estimation  was  approached  indirectly1 
by  focusing  on  actual  year-to-year  acreage  changes  for  each  crop  over  the 
last  twenty  years.  These  year-to-year  changes  were  stratified  by  sign, 
i.e.,  year-to-year  increases  and  decreases.  A  general  assumption  can  be 
implied  as  a  guide  in  estimating  the   coefficients. 
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Generally,  a  farmer  who  devotes  a  high  percentage  of  his  total  crop 
acreage  to  one  particular  crop  will  assign  a  lower  value  to  /#  ^m,  max.  than 
a  farmer  who  is  more  diversified  in  his  cropping  system.  This  will  generally 
hold  true  for  all  cases  and  for  all  crops.  If  both  farmers  used  the  same 
value  for  /^  ^m,  max.,  this  would  imply  that  the  first  farmer  was  willing 
to  make  a  greater  proportional  reduction  of  his  acreage  devoted  to  other 
crops  than  the  second  farmer.  This  can  easily  be  seen  by  an  example.  If 
the  more  specialized  farmer  devoted  60  acres  of  his  total  acreage  to  100 

acres  to  wheat,  a  /3 ,  ,  max.  coefficient  of  0.2  would  imply  that  he  would 

th 
be  willing  to  shift  as  high  as  12  acres  from  other  crops  to  the  i   crop. 

This  would  mean  a  30  percent  decrease  in  the  base  acreage  for  the  other 
crops.  If  the  more  diversified  farmer  only  devoted  20  acres  of  the  same 
total  acreage  to  wheat,  the  same  coefficient  would  imply  that  he  would 
be  willing  to  shift  a  maximum  of  4  acres  over  to  wheat.  This  would  repre- 
sent only  5  percent  of  his  base  year  acreage  for  the  other  crops. 

The  same  type  of  argument  can  be  used  for  estimating  values  for/3^m, 
min.  for  each  of  the  crops.  Again,  the  same  PimJ  min.  value  would  imply 
that  the  mors  specialized  farmer  would  ba  billing  to  increase  his  plantings 
of  other  crops  by  a  much  higher  proportion  than  the  more  diversified  farmer. 

This  reasoning  can  be  broadened  to  encompass  an  entire  area  which  was 
needed  for  our  purpose.  Some  areas  were  more  specialized  in  a  particular 
crop  over  other  areas  and  thus  the  ft  coefficients  can  be  adjusted  accordingly. 
For  instance,  wheat  was  a  major  crop  in  western  Kansas  whereas  the  cropping 
system  in  the  eastern  portion  of  the  state  was  more  diversified  relative  to 
that  in  western  Kansas. 
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Government  control  programs  were  considered  to  impose  certain  re- 
strictions on  a  farmer's  cropping  system.  Such  a  restriction  placed  a  max- 
imum limit  upon  the  acreage  that  can  be  devoted  to  certain  crops.  Wheat 
was  the  only  crop  of  the  five  major  crops  considered  to  be  under  such  a 
restriction  for  this  model.  Thus  for  wheat  two  upper  limits  exist— one 
limit  set  by  the  government  and  the  other  limit  set  by  condition  (2). 
Obviously,  both  cannot  hold  unless  by  chance  they  happen  to  be  equal.  In 
the  case  of  two  upper  limits  for  wheat  the  smaller  of  the  two  limits  was 
assumed  to  be  effective.  An  acreage  allotment  can  force  a  farmer  to 
consider  a  smaller  increase  than  he  would  in  the  absence  of  the  allotment, 
but  it  was  assumed  he  would  always  be  free  to  consider  a  smaller  increase 
than  the  allotment  allowed.  Again,  if  this  type  of  an  argument  was  true 
for  an  individual  farmer,  it  would  be  true  for  an  entire  area  if  that  area 
was  assumed  to  be  homogeneous  in  nature,  i.e.,  each  farmer  acting  in  the 
same  way. 

Acreage  allotments  are  sometimes  intended  to  reduce  the  acreages 

—     * 
devoted  to  a  crop  below  the  levels  of  the  preceding  year,  i.e.,  a,  <  x.  , 

for  some  (m).  The  restriction  may  be  so  severe  that  the  allotments  are  less 

than  the  minimum  acreages  given  by  (2).  In  this  case,  the  maximum  limit 

equals  the  acreage  allotment,  and  it  was  convenient  to  define  the  minimum 

limit  as: 

(5)  a.  -  1  -  x.m   if  a.  -  (1  -  p.  ,  min.)  X, 

lm       lm      lm       '  lm        lm 

The  estimates  of  the  (?>  coefficients  for  the  15  areas  are  shown  in  Table  9. 

Before  estimating  the  optimum  cropping  system  under  given  constraints 
for  1961,  the  per-acre  costs  had  to  be  considered.  Only  direct  costs  needed 
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to  be  considered  since  the  planning  was  short  run  in  nature.  The  direct 
costs  included  such  costs  as  planting,  cultivating,  fertilizing,  irrigating, 
and  harvesting.  Such  costs  as  capital  ownership,  rent,  and  taxes  *ere  con- 
sidered incurred  regardless  of  the  type  of  cropping  system,  and  thus,  were 
not  relevant  for  the  planning  of  a  cropping  system.  The  best  estimate 
of  market  prices  for  the  1961  period  was  assumed  to  be  the  given  prices 
for  the  1960  crops.  Yields  were  also  estimated  from  the  data  on  past  yields. 

Each  crop  was  assumed  to  be  produced  independent  of  the  other  four 
crops.  It  was  also  assumed  that  the  per  acre  variable  costs  were  constant. 
A  total  cost  function  then  will  be  additive  and  can  be  written  as» 

(6)  C.  =  /  c.  x. 
lm   .§-  la  lm 

where  each  crop  was  defined  by  its  maximum  and  minimum  constraints.  The 

+  h 

term,  C.  denotes  constant  per  acre  costs  for  the  i   crop  and  x^m  is  the 
estimated  acreage  devoted  to  the  i   crop  for  area  m. 

A  total  per  acre  revenue  function  can  also  be  written  assuming  given 
prices,  yields,  and  estimated  acreage  allotments! 


(?)  U.   =  j*  (p.  y,  )  x. 


where  p*_  is  expected  price  for  the  i   crop  expressed  in  dollars  per  bushel 

+  h  21 

and  y^m  is  the  expected  yield  for  the  i   crop  expressed  in  bushels  per  acre. 

21 

For  grain  sorghum  price  is  expressed  in  dollars  per  hundredweight 

and  yield  in  hundred  pounds  per  acre. 


At 


From  equations  (6)  and  (7)  an  equation  for  expected  net  returns  can 
be  written.  Net  returns  will  be  denoted  by  N^.  Thus,  the  objective 
function  will  be  to  maximize  net  returns. 

(8)  Nim  "  |,   Zim*im 

1  =  1 

where  Z^m  =  PimY^,,  -  cim  is  "the  expected  per-acre  return  from  the  i 
crop  and  for  area  n. 

It  was  thus  assumed  that  a  given  area  will  select  a  land  utilization 
pattern  which  maximizes  (3)  subject  to  the  following  constraints} 

(9)  £    x.  -  a  . 
'   .*-•.  im    m' 

i=l 

(10)  xim  -  a.  ,  max.  (i=l ,  5), 

(11)  -xim  -  -aifT),  min.  (i=l,  ,  5), 

and 

(12)  x.m  -  0  (i=l,  5), 

where  a*m,  max.  is  the  maximum  acreage  defined  by  equation  (2)  or  by 
government  acreage  allotments—  whichever  was  the  smaller.  For  this  study 
government  acreage  allotments  applied  only  to  wheat.  The  lower  limit 
a^m,  min.  is  defined  by  (2)  or  (5).  Both  sides  of  (11)  have  been  multi- 
plied through  by  a  minus  one  to  change  the  direction  of  the  ir  quality. 
This  *as  done  to  formulate  the  general  case  of  the  linear  programming 
problem.  The  constraints  (12)  are  a  mathematical  statement  which  makes  it 
impossible  for  an  area  to  have  negative  acreages  devoted  to  any  one  crop. 
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Information  concerning  the  variable  costs  was  very  hard  to  obtain. 
This  was  approached  by  considering  the  different  methods  used  in  seed-bed 
preparation  for  each  of  the  five  crops  and  for  each  area.  As  one  would 
believe,  seedbed  preparation  for  a  particular  crop  will  not  vary  to  a 
great  degree  from  area  to  area.  But  some  degree  of  differentiation  was 
believed  to  exist  between  the  eastern  and  western  portion  of  the  state. 
A  few  examples  will  show  the  differences  in  seedbed  preparation  between 
the  two  areas.  The  illustrations  will  also  show  costs  for  such  factors 
as  cost  of  seed,  cost  of  harvesting,  and  cost  of  fertilizing. 

The  average  1961  yield  for  wheat  was  estimated  at  17.3  bushels  per 
acre  for  western  Kansas  and  24.4  bushels  per  acre  for  the  eastern  portion 
of  the  state.  It  was  assumed  that  fertilizer  was  applied  to  the  soil  for 
the  growing  of  wheat  in  eastern  Kansas.  This  would  cause  direct  costs  to  be 
higher  for  eastern  Kansas  since  the  application  of  fertilizer  was  not  assumed 
for  the  western  portion  of  the  state.  Information  on  different  rates  of 
application  of  fertilizer  and  amount  of  seed  planted  per  acre  was  obtained 
from  Agricultural  Experiment  Station  bulletins.  The  cost  of  gasoline,  oil, 
seed,  fertilizer,  and  labor  was  obtained  from  Agricultural  Prices,  1960,  and 
was  assumed  to  be  the  same  throughout  the  state.  The  estimated  tractor  hours 

and  estimated  gas  and  oil  per  acre  were  taken  from  Agricultural  Experiment 

22 

Station  bulletins. 

22income  Advantage  to  the  Specialized  Grain  Producing  Firm  from  Flexible 
Compared  with  Inflexible  Use  of  Resources,  Agricultural  Experiment  Station 
Bulletin  87  (Manhattan:  Kansas  State  University  of  Agriculture  and  Applied 
Science,  September,  1956). 

What  it  Costs  to  Use  Farm  Machinery,  Agricultural  Experiment  Station 
Bulletin  417  (Manhattan:  Kansas  State  University  of  Agriculture  and  Applied 
Science,  April,  I960). 
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For  wheat,  direct  variable  cost   in  western  Kansas  was  estimated  at 
$6.74  par  acre,   and  for  eastern  Kansas  the  direct  variable  cost  was  esti- 
mated at  $15.35.     This  same  method  was  used  to  estimate  the  direct  per 
acre  costs  for  the  remaining  four  crops  for  both  eastern  and  western 
Kansas.     The  following  table  gives  the  direct  variable  cost  of   each  of  the 
crops  broken  down  for  eastern  and  western  Kansas. 

TABLE  12.— The  direct  variable  costs  on  a  per  acre  basis  for  each  of 
the  five  crops  for  both  eastern  and  western  Kansas3 


DIRECT 
PER  ACRE 
COST 


CROP 


AREA 


WHEAT 


CORN 


OATS 


BARLEY 


Eastern  ^ 

Kansas  $15.85       $14.63  $15.70         $  5.23 

:  Western  c 

:      Kansas  $  6.74       $36.74  $   5.51         $13.48 


GRAIN 
SORGHUM 


$3.28 


$5.39 


aThe  areas  included  in  western  Kansas  were  6b,  7,  9,  10a,  10b,  10c, 
11,  and  12.  The  areas  included  in  Eastern  Kansas  were  1,  2,  3,  4,  5,  6a, 
and  8. 

bFor  corn,  areas  6b,  7,  9,  10c,  and  11  are  included  in  the  per  acie 
cost  estimate  given  for  eastern  Kansas. 

cIt  was  assumed  that  the  majority  of  the  corn  raised  in  areas  10a, 
10b,  and  12  was  irrigated. 


Once  the  p   coefficients  and  direct  per  acre  costs  had  been  estimated, 
the  allocation  of  crop  land  among  the  five  crops  was  determined.  The 
cropping  system  for  the  year  1961  was  estimated  by  this  procedure.  This 
was  dene  for  each  of  the  15  areas  in  Kansas.  Market  prices  and  yields  of 
the  five  crops  were  assumed  to  be  the  same  in  1961  as  in  1960  for  each  area. 
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The  following  are  explanatory  notes  for  each  of  the  columns  for  the 
tables  given  in  the  appendix: 

Crop  -  An  asterisk  following  the  name  of  a  crop  is  assumed  to 

be  influenced  by  government  allotments  within  a  cropping 
system. 
cim  *  i-'os'ts  are  stated  in  dollars  per  acre, 
p.   -  Expected  prices  for  wheat,  corn,  oats,  and  barley  are 

stated  in  dollars  per  bushel.  Prices  for  grain  sorghum 
are  in  dollars  per  hundred  pounds  weight. 
y^m  -  Expected  yields  are  stated  in  bushels  per  acre  for  wheat, 
corn,  oats,  and  barley.  Grain  sorghum  is  stated  in 
hundred  pounds  per  aero. 
xim  "  Expected  returns  are  in  dollars  per  acre. 

xim  =  pl«*ia  ~  cim* 

*  3 

xim  ""  Base  acreages  for  1960  have  been  coded  by  10  •  The  over-all 

acreage  limit  (a.  )  is  the  sum  of  the  base  acreages. 

3 

aim»  max#  "  The  maximum  limits  are  also  coded  by  10  and  are 

in  acres.  Those  followed  by  a  single  asterisk  are  acreage 
allotments.  All  other  maxima  were  computed  from  the 

coefficients  in  Table  9. 

3 

a,  ,  min.  -  The  minimum  limits  are  coded  by  10  and  are  in  acres. 

All  minima  were  computed  from  the   coefficients  in  Table  9. 

x.      -   The  acreage  estimates  axe   the  solution  for  the  1961  cropping 

3 
system,  and  are  coded  by  10  • 
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Table  13  shows  the  estimated  percent  of  acres  devoted  to  each  crop 
within  an  area  for  1961.  The  estimates  were  compared  with  the  actual  per- 
centages. The  actual  solution  for  the  1961  cropping  system  for  a  particular 
area  is  shown  in  the  appendix. 

The  estimated  percent  of  land  devoted  to  wheat  tended  to  be  lower 
than  the  actual.  Wheat  was  assumed  for  estimation  purposes  to  be  influenced 
by  government  allotments.   It  was  noted  that  farmers  tend  to  over  seed  in 
wheat  from  year  to  year,  and  thus  would  cause  the  actual  percent  of  land 
allocated  to  wheat  to  be  higher  than  the  corresponding  estimate  for  the 
same  area. 

The  solutions  for  each  area  in  Table  13  also  give  information  on  the 
relative  pressures  for  increases  and  decreases  for  each  crop.   It  will  be 
recalled  that  the  assumed  limits  on  individual  crop  acreage  adjustments  are 
based  on  historical  average  shifts  with  the  exception  of  wheat.  These 
limits  on  adjustment  are  subject  to  constraints  (4)  and  (5)  and  total 
acreage.  Excluding  wheat,  one  of  the  remaining  four  crops  will  have  an 
expected  planting  somewhere  between  its  upper  and  lower  limit  after  adjust- 
ment. This  can  readily  be  seen  by  referring  to  the  appendix.  The  return 
above  variable  cost  (Table  12)  for  this  "floating"  crop  gives  an  indication 
of  the  increase  in  income  that  would  be  received  from  an  additional  acre  of 
crop  land  under  the  conditions  that  the  individual  crop  adjustment  limits  and 
the  government  control  program  for  wheat  remain  effective.  What  is  meant  by 
a  floating  crop  is  that  amount  of  crop  land  (acres)  that  remains  for  the  i 
crop  after  picking  the  upper  and  lower  limits  of  those  crops  offering  the 
highest  and  lowest  constant  returns  to  scale,  respectively.  The  floating 
crop  is  necessary  to  meet  the  condition  of  a  fixed  amount  of  crop  land,  and 
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also  the  assumption  of  total  utilization  of  crop  land  among  the  (i)  crops. 
For  most  of  the  areas  grain  sorghum  was  neither  at  the  upper  nor  at  the  lower 
limit  of  adjustment. 


CHAPTER  V 

GAME  THEORY  METHOD  OF  ESTIMATING  CROP  ALLOCATION 

The  objective  of  this  chapter  is  to  determine  the  cropping  pattern 
for  each  of  the  type-of-f arming  areas  by  employing  a  game  theoretic  model. 
This  model  was  used  to  determine  acreage  allocations  for  each  year  during 
the  20-year  period  under  study  as  compared  to  the  linear  programming  model 
in  the  previous  chapter  which  considered  only  the  year  1961.  The  use  of 
the  theory  of  games  is  receiving  more  emphasis  lately  as  an  important 
tool  in  agricultural  research.  Both  linear  programming  and  game  theory 
have  much  in  common  and  both  can  be  used  on  problems  dealing  with  the 
allocation  of  resources  to  meet  desired  objectives. 

The  Model 

The  traditional  game  theory  approach  to  determine  acreage  allocation 
for  an  individual  farmer  is  to  develop  a  one-person  game  model.  This 
approach  does  not,  however,  seem  adequate  to  explain  many  factors  that 
enter  in  the  explanation  of  optimal  crop  allocation. 

Each  year  an  individual  farmer  is  faced  with  the  decision  of  the 
allocation  of  crop  land  among  competing  crops.  This  decision  is  not  only 
a  function  of  expected  yields  but  also  a  function  of  expected  prices  at 
time  of  harvest.  But  expected  prices  are  a  function  of  total  production. 
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Total  production  of   each  crop  in  turn  is  a  function  of  the  aggregate  cropping 
patterns;  of  all  other   individual   farmers  and  their  average  yield  for  the 
season.     Thus,  there  exists  a  competitive  game  between  the  individual  farmer 
and  the  rest  of  the  group.     A  zero-sum  game  theory  applies  the  idea  of  a  pure- 
ly competitive  situation. 

A  two-person  zero-sum  game  theory  model,   as   illustrated  by  Dresher, 

is  applicable  to  this  problem  for  the  reason  that   it  seems  to  provide  fairly 

23 

close  estimates  of  the  actual  crop  allocation  coefficients.    It  can  be 

argued  that  the  zero-sum  game  model  as  applied  here  is  not  a  replica  of 
the  real  world.  This  causes  no  significant  problem  since  the  objective 
in  outlining  the  logic  of  the  model  is  to  estimate  crop  allocation  co- 
efficients. So,  the  problem  then  becomes  one  of  finding  a  workable  model. 
The  degree  of  workability  of  any  model  can  be  determined  by  the  correlation 
of  the  model  outputs  with  results  from  the  real  world.  Thus,  the  test  of 
any  good  model  is  its  usefulness. 

The  game  theory  model  has  a  wide  range  of  applicability.  Its  use 

as  a  problem  solving  tool  extends  from  economics  to  military  as  well  as  to 

24 
politics.    The  model  is  adaptable  to  several  kinds  of  problems  in  agri- 
culture, particularly  those  dealing  with  the  crop  and/or  livestock  selection 
problems  on  either  an  individual  farm,  area  or  regional,  as  well  as  national 
basis.  'A'hen  the  model  is  applied  to  an  individual  farm  situation,  it  can 
be  used  as  a  two-person  zero-sum  game  model.   In  this  situation  the  in- 
dividual is  considered  in  competition  with  a  combination  of  all  the  forces 
(the  rest  of  the  farms,  weather,  etc.)  that  determine  market  prices. 

23Melvin  Dresher,  Games  of  Strategy:  Theory  and  Applications  (New  York: 
Prentice-Hall,  Inc.,  1961),  p.  2. 

24Ibid.»  p.  2. 
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The  use  of  the  zero-sum  game  model   in  an  agricultural  problem  was  first 

25 
demonstrated  by  Moglewer.  He  analyzed  the  optimum  allocation  of  major 

United  States  crops  using  the  1948-1953  data.     Two  players  were  considerad, 
a  Blue  player  and  a   Red  player.     The  Blue  player  was   considered  the  in- 
dividual  farmer   in  competition  with  a  Red  player.     The  Red  player  consisted 
of  all  the  forces  that  determine  market  prices  for  agricultural  products. 
This  hypothetical  combination  of  forces   includes  all  the  other   farmers, 
buyers  of  grain,  as  well  as  nature.     The  key  force  necessary  in  order  to 
obtain  .3   zero-sum  gaiae  is  the  inclusion  of  grain  buyers.     This  assures 
that  the   two  players  hcve  opposing  objectives. 

In  this  chapter  steps  used  by  Moglewer  are  followed  and  an  example 
it  givi.i  in  an  area  programming  sense.     The  Blue  player  will  again  be  the 
individual   farmer,  but  the  Red  player  will  consist  of  all  farmers  within 
a  particular  area  plus  the  forces  mentioned  above  that   inscribe  a  defined 
area. 

Kansas   is  divided   into  fifteen  type-of-farming  areas.     The  Moglewer 
method   is  used  to  estimate  the  percent  of  cropland  devoted  to   each  of  the 
major  crops  in  Kansas  within  each  area.     Results  for  each  of  the  areas   for 
Kansas  are  shown  in  the  appendix.     The  estimates  given  in  the  tables  are 
the  strategies  for  the  Red  player.     The  emphasis  was  placed  on  finding  the 
solution  for  the  Red  player  since  the  objective  was  to  estimate  the  percent 
of  cropland  devoted  to  each  of  the  major  crops  within  an  area.     This  will 
become  more  evident   in  the  following  pages. 

25Sidney  A.   Moglewer,   "A  Game  Theory  Model  for  Agricultural  Crop 
Selection,"   Econometrica,  Vol.   30  No.    2  (April,   1962),   pp.   253-266. 

26 Ibid.,  p.   256. 
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The  model  presented  differs  from  the  usual  linear  programming  models 
because  it  !•#•  consider  and  incorporate  the  elasticities  of  demand  for  the 
products  under  consideration.  Thus,  the  effects  of  government  crop  controls 
and  legislation  are  indirectly  inherent  in  the  model.  Their  past  influence 
is  reflected  in  the  price  and  production  statistics  used  to  derive  the 
demand  elasticity  curves  for  each  of  the  major  crops  considered.  The 
;iodel  is  functionally  dependent  upon  statistical  demand  elasticity  curves; 
and  over-production  of  a  crop  lowers  its  price  and  the  extent  of  the  decrease 
in  the  price  depends  on  the  elasticity  of  demand  for  that  crop.  This  is 
an  important  feature  of  the  model,  and  its  usefulness  can  be  visualized 
particularly  in  analyses  of  aggregative  problems  and  relationships  that 
are  important  to  both  the  industry  and  individual  producers. 

The  functional  dependence  of  the  model  on  the  elasticities  of  demand 
represents  a  decisive  improvement  over  the  usual  programming  techniques, 
particularly  those  employed  in  the  studies  of  agricultural  adjustments 
fthere  the  immediate  solution  for  the  few  farmers  may  not  be  the  best  for 
farming  as  a  whole.  Some  of  the  adjustments  may  produce  adverse  price  or 
income  effects  if  a  large  number  of  farmers  make  thfl  • 

The  method  shews  promise  in  describing  more  accurately  the  output- 
price  interdependence  under  given  or  changing  demand  and  output  conditions. 
It  reflects  the  demand  elasticities  and  price  patterns  resulting  from  the 
economic  pressures  that  are  imposed  upon  producers  in  case  of  an  over- 
production and  on  consumers  in  case  of  underproduction. 
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Algebraic  Illustration 

The  payoff  function  to  an  individual  producer  (the  Blue  player)  can 

be  expressed  ast 

n 
(1)  M  =  £       Y^p.  (i  =  1 n) 

i=l 

where: 

Y.  is  the  actual  yield  of  the  i   crop  per  acre; 
L  is  the  individual  producer's  total  crop  acreage; 

x.  is  the  fraction  of  the  individual  producer's  acreage 

th 
devoted  to  the  i   crop; 

th 

P.  is  the  price  received  for  the  i   crop;  and 

n  is  the  number  of  crops  considered. 

Prices  of  the  individual  crops,  in  most  instances,  depend  on  the 
demand  curves  which  express  the  functional  relationship  between  price  and 
production  of  individual  crops  as  well  as  other  factors  affecting  the 
determination  of  price. 

A  theoretical  demand  curve  can  be  formulated  to  express  the  relation* 

ship  between  price  and  production  of  individual  crops  which  reflect  many 

27 
of  the  factors  that  go  into  determining  price.    In  our  model  it  is 

assumed  that  the  law  of  demand  for  a  particular  commodity  in  a  particular 

market  is  specified  in  the  following  terms:   elasticity  of  demand  is 

constant  for  all  amounts  of  the  commodity.  Using  the  definition  for 


27 
William  L.  Crum  and  Joseph  A.  Schumpter,  Rudimentary  Mathematics 

for  Economists  and  Statisticians.   (New  York:  McGraw-Hill  Book  Co.  Inc., 

1946),  pp.  145-147. 
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elasticity  a  demand  elasticity  curve  can  be  formulated.  The  definition 
for  elasticity  is  a  percent  change  in  quantity  divided  by  a  percent  change 
in  price.  In  mathematical  terms  this  can  be  expressed  as  follows* 

As 


-  t  A  P 

q  p 

The  derivative  form  can  be  obtained  by  using  the  limit  idea,  i.e., 
letting   p  approach  zero  and  finding  the  limit  of 

±2L-    |  £JL  to  be  -£.  d£ 

<*      P        9  dp 

From  the  assumption  of  constant  elasticity  and  the  definition  of 
elasticity  an  equation  for  constant  elasticity  can  be  written: 

(2)  _Pi_   .  Jq^     m 
*l  dPi 

where  Ma"  is  a  supposedly  known  constant.  Integration  of  (2)  by 

separating  the  variables 


dqi   =  i. 


qi    dpi    Pi 

gives  log  q^^  =  a  log  p.^  +  k» 

and  if  the  constant  "k"  is  replaced  by  log  c^,  the  equation  then  becomes: 

*•!  log  P|  +  log  qi   =  log  Cj_ 

From  the  principles  of  logarithms,  and  letting  a^  equal  <5^,  the  general 
solution  is: 
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-£. 

where: 

c  th 

o.  is  the  elasticity  coefficient  of  the  i   crop; 

i 
q,  is  the  total  production; 

c,  is  the  demand  constant. 

The  total  production  q. ,  which  is  dependent  on  area's   (Red's)  crop 
allocation,   can  be  expressed   in  the  following  form: 

(4)     q^ViL 

where; 

Y,  is  the  average  yield  for  the  area's  (Red's)  i   crop; 

L  is  the  total  crop  acreage  for  the  area;  and 

y.  is  the  fraction  of  the  area's  (Red's)  total  acreage  devoted 

th 
to  the  i   crop. 

By  substituting  equations  (3)  and  (4)  into  equation  (l)  one  gets  the 
following  payoff  function  of  the  allocation  for  the  individual  producer  (the 
Blue  player): 

/y.  \  £j- 


(5)  M  =     Y.LxT^ 
i=l     rrrz 


?.r 


where  P.  is  defined  by  the  demand  equation  (2)  as: 
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(6)  Pi  =(- — ^  x     and  helps  to  explain  the  right  side  of  equation  (4). 
Then  the  payoff  function  (4)  becomes 


^  »«£wj4*r 


This  equation  (6)  which  is  convex  in  y.  for  all  x.  can  be  solved. 
However,  for  the  solution  to  be  meaningful  other  conditions  must  also  be 
met.  In  addition  to  the  negative  elasticity  of  demand  the 

n  n  > 

(8)  £    a.  *  1,  and  £     y,   -   1,  where  all  the  x.'s  and  y.'s  -  0 
i=l  i=l  X 

28 
in  first  and  second  derivatives. 

The  above  conditions  specify  that  the  fraction  of  cropland  devoted 
to  each  of  the  crops  cannot  be  negative.  Each  fraction  of  the  crop  must 
either  equal  or  be  greater  than  zero  and  all  the  fractions  together  must  add 
to  one  (100%  of  cropland). 

From  the  theory  for  continuous  games  with  the  convex  payoff  function, 
the  value  of  the  game  can  be  found  by 

(9)  V  =  min  max  M(x,y) 

y   x 

where  V  is  the  value  of  the  game  and  x  and  y  represent  the  sets 
(x....x.)  and   (y,...y.)  respectively.     According  to  the  theory  the  area's 
(all  farmers)  optimal   strategy   is  unique  and  that  there  is  only  one  set 


2°Moglewer,  o£.   cit. ,  pp.   258-259  and  Dresher,  op_.   cit. ,  Chapter  8. 
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(yt»**y<)  which  represents  optimum  allocation  of  crops  for  the  area  (Red). 

The  main  interest  in  the  presented  model  is  to  find  the  optimum 
set  denoted  by  y.  s.  Once  the  estimated  y,  s  are  obtained,  the  objectives 
of  optimum  allocation  of  crops,  considering  the  resources  and  market  con- 
ditions for  the  area,  is  achieved. 

If  the  objective  centers  on  the  strategy  the  individual  producer 

(farmer)  would  select,  given  the  y^'s,  then  the  sets  (x,....,  x  )  along 

29 
with  estimated  probabilities  of  success  can  also  be  derived. 

■X- 

An   illustrated  example,  where  the  estimated  y.'s  for  the  area, 
as  well  as  the  individual  producer's   strategies,  are  derived,   along  with 
the  step-by-step  arithmetic  procedure,   follows. 

An  Illustrative  Example 

An  illustrative  example  of  the  model,  which  has  been  discussed 
above,  will  now  be  presented.  For  computational  simplicity  hypothetical 
values  have  been  chosen  and  the  model  is  limited  to  two  crops  and  an  area 
of  100  acres  of  cropland. 

The  following  hypothetical  values  are  assumed: 

Y  =  Y  =  5  bushels  per  acre  (Crop  I) 

Y^  =  Y  =  10  bushels  per  acre  (Crop  II) 

L  =  100  acres 

C,   =  £  =  -1,  e.g.,  equal  elasticities  of  demand  for  the  two  crops 
of  minus  unity  are  assumed. 


29Moglewer,  op_.  cit . ,  p.  260. 
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c,   =  600  and  c2  =  400.     These  figures  represent  demand  constants  and 
are  defined  as   in  equation  (2)  above. 

The  payoff  function  in  this  example  is: 

(10)  M  =    £    Y.I*.  (2LST7     (i  =  1.2) 

i=l      *     Hki/ 

cl  600 

Kj  =  — -    =     500     =  1.2 

c2  100       _  „   . 

k9  =  rr"  =  loooT  -  °-4 

2       Y2L 
The  payoff  function  broken  down  for  the  two  crops  is: 

l/<f  l/d5 

(11)  H  -  YjLx^yj/kj)  X     +     Y2Lx2(y2/k2)  2     or 

M  =  SUjCyj/kj)       +  10Lx2(y2/k1)         or 

H  =  5(600/500)Lx1(l/y1)  ♦  10(400/lOOO)Lx2(l/y2) 

(12)  V  =  min  max  /5(  600/500)1^(1^)  +  10(400/l000)Lx2(l/y SJ  and 

y      x 

(13)  V  =  min  max  /p{ 600/500 )L(l/y2)  or   10(400/lOOO)L(l/y2j7    which 
occurs  Ahen: 

5(600/500)l/y1  =  10(400/l000)l/y2 

6/yj  =  4/y2 
Since  y,  +  y     =  1   is  a  condition  that  must  be  met,  then  y.   =  1  -  y_; 
thus, 
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6y2  =  4y   oi 

6y2  =  4(1  -  y2)  or 
y2  =  0.4  and  y,  =  0.6 

From  the  above  calculations,  60  percent  of  the  total  acreage  is 
allocated  to  Crop  I  and  40  percent  to  Crop  II.   In  essence,  using  the  above 
model,  gross  returns  on  a  per  acre  basis  are  equated.  This  is  in  line  with 
the  minimax  expectation.  The  justification  for  using  gross  income  criterion 
is  that  it  does  explain  reasonably  well  changes  in  acreage  allocation.  This 
objective  may  be  stated  somewhat  different  to  that  achieved  through  linear 
programming.  The  objective  function  of  a  linear  programming  problem  may  be 
to  maximize  net  returns  or  to  minimize  costs.  The  objective  of  the  model  used 
in  this  paper  is  dependent  on  the  elasticity  of  demand  along  with  the  demand 
constants  (c^  and  c2)  which  play  an  important  part  in  the  allocation  of 
acreage  between  the  two  crops.  The  product  prices,  in  the  model,  depend 
on  the  total  production  as  well  as  on  the  individual  demand  schedules. 

Any  changes  in  the  relative  elasticities  among  the  crops  change  the 
crop  allocation  as  well.  For  example,  if  in  the  above  case  the  elasticity 
of  demand  for  Crop  I  were  changed  from  -1  to  -0.5  and  that  of  Crop  II  re- 
mained the  same,  then  instead  of  SO  percent  of  crop  acreage  devoted  to  the 
Crop  I,  72  percent  would  be  devoted  and  subsequently  the  acreage  of  Crop  II 
would  decrease  from  40  percent  to  28  percent. 

A  similar  effect  would  be  obtained  by  holding  the  elasticities  of 
demand  constant  and  changing  the  demand  constant.  This  type  of  change 
would  correspond  to  a  shift  in  the  demand  schedule.  In  the  above  example, 
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for  the  same  number  of  acres  shifted  from  Crop   I  to  Crop  II,  as  was  the 
case  when£.   decreased  from  -1.0  to  -0.5,  the  demand  constant   (C2)  would 
have  to  decrease  from  400  to   230. 

On  the  other  hand,  an  increase  in  yields  of  any  one  of  the  crops 
would  have  the  effect  of  shifting  the  acreage  toward  the  relatively  higher 
yielding  crop,   even  though  the  demand  constant  would  remain  the  same.     For 
example,  the  per  acre  yield  for  Crop   I  doubled,   increase  from  5  to  10, 
then  the  new  situation  would  call  for  75  acres  devoted  to  Crop   I  and 
only  25  acres  to  Crop   II.     The  price  of  Crop   I,   as  a  result  of  the  produc- 
tion exceeding  the  demand  constant   (q^  >  c^)  would  decrease  by   1.80,   from 
2.00  to  0.30. 

The  check  for  determining  the  equality  of  per  acre  returns  between 
crops  can  be  made  in  the  following  way: 

(14)     Vj  =  Y1{cl/Y1L)l/yl  and  V2  =  Y2(c2/Y2L)l/y2 

Vj  =  5(600/500)1/0.6 

V.   =  6/0.6  or  Vj  =  10 

V2  =  10(400/1000)1/0.4 

V2  =  4/'0,4  0r  V2  =  10 

Thus,  V.  -   V«  or  the  per  acre  returns  from  Crop  I  are  the  same  as 
those  from  Crop  II.  Also,  as  one  would  expect,  a  decrease  in  the  elasticity 
of  demand  of  any  one  of  the  crops,  other  things  remaining  unchanged,  would 
lower  the  per  acre  returns  of  all  the  crops.   In  the  above  example,  a  de- 
crease inoj  from  -1.0  to  -0.5  increases  the  per  acre  returns  (V»  and  V2) 
from  10  to  14. 
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Similarly,  a  decrease  in  the  demand  constant  in  any  one  of  the  crops, 
with  other  offsetting  effects  absent,  will  decrease  the  per  acre  returns. 
As  the  demand  constant  for  Crop  II  (02)  decreases  from  400  to  230,  other 
things  being  the  same,  the  per  acre  returns  (Vj  and  V2)  decrease  from  10 
to  8.3. 

Individual  Producer's  Strategy 

Given  the  optimum  strategy  for  the  area  (y  and  y  )  what  would  be 
the  best  cropland  allocation  for  the  individual  producer?  Generally,  he 
does  not  have  control  over  sufficiently  large  fraction  of  the  acreage  and 
the  market  to  affect  the  price.  While  he  has  several  alternative  ways  of 
using  the  land,  the  producer's  decision  will  not  have  any  effect  on  the 
per  acre  returns  to  the  area.  His  cropland  allocation  could  well  follow 
the  pattern  determined  for  the  area,  particularly  if  the  yield  expectations 
are  the  same. 

Following  the  model,  however,  the  individual's  "best"  strategy  can 
be  computed  algebraically.  Since  the  area's  optimum  strategy  is  not  an 
end  point  of  the  interval  (e.g.,  y.'s  are  not  0  or  1 )  but  is  mixed  (e.g., 

0  <  y,  s  <  1),  then  the  individual  producer  has  a  pure  strategy.   He  should 

30 
select  one  of  the  two  crops  and  plant  all  of  his  acreage  to  the  one  crop. 

The  selection  can  be  made  at  random  or  by  determining  the  probabilities  of 

success  for  either  of  the  two  crops.  The  latter  course  of  action  requires 

a  set  of  equations  which  help  determine  the  probabilities  (•«$)« 

SODresher,  op_.  cit. ,  p.  119. 
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For  the  above  example  two  probabilities  are  needed   (a,    and  a    ), 
one  for   each  crop.     They  can  be  obtained  by  solving  the  following   equations. 

(15)  a,  £&—      «     =  1  +  a„  4r~      x     =  1  =  0  and 

(16)  a     +  a     =1,  where  a,    -  0. 

12  i 

In  the  example  given,  where  the  area's  acreage  is  allocated  at  60 

percent  to  Crop   I  and  40  percent  to  Crop  II,   a.    is  0.36  and  a     is  0.14. 

1  2 

Thus,  for  the  individual  producer  Crop  I  provides  the  maximum  probability 
of  success.  Any  change  in  basic  conditions  such  as  yields,  demand  elasti- 
cities, land  use  by  different  crops  would  also  change  the  a's  and  there- 
fore the  probabilities  of  success. 

An  Actual  Example 

The  same  procedure  used  in  the  simplified  illustration  was  also 

used  to  find  the  set  (*Y, ,  *Y  .  *Y  .  *Y  .  *YC )  for  each  of  the  15  areas 

1    2    3    4    5 

in  Kansas.  Area  5  has  been  used  in  this  study  for  illustrative  purposes. 

This  was  done  for  each  year  during  the  20-year  period,  but  the  year  1960 

is  shown  in  detail  below.  The  demand  elasticities  used  for  the  calculations 

were  not  estimated,  but  were  taken  from  work  already  done  in  this  area  by 

31 

Moglewer  and  Tchultz.    The  demand  elasticity  for  grain  sorghums  has  not 

been  estimated,  and  the  demand  elasticity  for  feed  grains  Ml  used  instead. 
The  demand  elasticities  and  computed  demand  constants  for  each  crop  are 
shown  in  Table  14.  The  price  used  in  calculating  the  demand  constants  ^as 
a  deflated  price  obtained  by  dividing  an  average  price  for  each  crop  by  an 

31sidney  Moglewer,  loc.  cit.   Henry  Schultz,  The  Theory  and  Measurement 
of  Demand  (Chicago:  The  University  of  Chicago  Press,  1958;,  pp.  461-482. 
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32 
average  Consumers  Trice  Index.         The  price  was  averaged  over  a   five-year 

period,   from  1956-1960*     The  Consumers  Price  Index  used  was  an  average 
over  the  same  five-year  period.     This  v»as  not  desirable  from  the  stand- 
point of  obtaining  accurate  estimates,  but  was  desirable  in  shortening 
the  computational  procedure.     More  will  be  said  about  this  problem  at  the 
end  of  the  chapter. 

TABLE  14.— Least  squares  elasticity  of  demand   (period   1941-1960,   Area  5) 


CROP 


COMPUTED 
El  STICITY 


DEMAND 
WTAMT 


RECIPROCAL  OF 
COMPUTED 
ELASTICITY 


Wheat 

-0.54 

14.07* 106 

-1.35 

Corn 

-0.38 

6.07* 106 

-2.63 

Oats 

-0.20 

3.25-106 

-5.00 

Barley 

-0.39 

1.75' 106 

-2.53 

Grain 

sorghum 

-1.30 

4.25'106 

-0.77 

An  example  of  the  application  of  the  model  to  data  for  the  1960 
crop  year  for  Area  5  will  now  be  presented. 
Let  the  following  values  applyi 


Yx  -  7  «  24.7  bushels/acre  (1960  wheat  yield), 


Y2  ■  Y2  =  43.5  bushels/acre  (1960  corn  yield), 


Y3  s  ?3  =  28.1  bushels/acre  (1960  oats  yield), 
Y4  =  7d  =  13^7  bushels/acre  (1960  barley  yield), 


32  Kenneth  R.  Bennett  and  Frank  H,  Pearson,  Statistical  Methods  (New 
York:  John  Wiley  &  Sons,  Inc.,  1942),  pp.  55-75. 
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Y     =  T-  =  47.2  hundred  pounds/acre  (i960  grain  sorghum  yield), 
L     =  1,136,800  acres   (i960  acreage) 

cx  =  14.07  x   10  ,   c2  =  6.07  x   106,   c3  =  3.25  x   106, 

6  6 

c4  =  1.75  x   10   ,   c&  =  4.25  x   10  . 

Kl  =  c/  V*  =  0#416»   K2  =  °2/f  V  =  °*102'   S  =  V  V  =  0t08A* 

K4  =  c4/  7  L  =  0.093,   K5  =  c^/  Y5L  =  0.066, 

,      .  -1.85  -2.63  -5.00 

(17)  M  =  4.8911  Lx^j  +  0.1020  Lx  Y2  ♦  0.0001  Lx^ 

-2.56  -0.77 

+  0.0281  Lx4y4  +  6.0358  Lx5y5  , 

-1.85  -2.63 

(18)  v  =  min  max  (4.8911  Lx.y.  +  0.1020  Lx  y  + 

y      x 

-5.00  -2.56 

0.0001   Lx«y0  +  0.0281  hv  + 

o  o  4  4 

-0.77 

6.0358  Lxcy  ), 

5  5 

and 

,      ,  ,  -1.85  -2.63 

(19)  v  =  min  max   (4.8911   Ly.  or  0.1020  Ly  or 

-5.00  -2.56 

0.0001  Ly3  or  0.0281  Ly4  or 

-0.77v 
6.0358  Ly5  ), 

which  occurs  when: 
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TABLE  15.-- Crop  statistics  for  wheat  (Area  5) 


YEAR 

ACREAGE 

PRODUCTION 

YIELD 

PRICE 

1941 

610,000 

6,805,000 

11.2 

0.97 

1942 

292,000 

3,475,600 

11.9 

1.07 

1943 

287,800 

3,577,700 

12.4 

1.37 

1944 

354,400 

5,901,600 

16.7 

1.45 

1945 

422,400 

6,345,000 

15.0 

1.51 

1946 

425,100 

7,386,700 

17.4 

1.86 

1947 

506,900 

9,459,600 

18.7 

2.27 

1948 

601,100 

11,193,800 

18.6 

2.01 

1949 

636,000 

9.804,900 

15.4 

1.84 

1950 

514,900 

10,716,200 

20.8 

2.01 

1951 

570,500 

5,401,700 

9.5 

2.13 

1952 

539,000 

11,977,100 

22.2 

2.12 

1953 

588,900 

11,778,000 

20.0 

2.04 

1954 

449,300 

11,313,400 

25.2 

2.18 

1955 

426,700 

8,819,700 

20.7 

2.02 

1956 

442,500 

11,228,700 

25.4 

2.00 

1957 

438,000 

9,809,000 

22.4 

1.94 

1958 

437,000 

13,035,000 

29.8 

1.71 

1959 

454,000 

10,809,000 

23.8 

1.74 

1960 

442,000 

10,931,000 

24.7 

1.76 
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TABLE  16.— Crop  statistics  fox  coin  (Area  5) 


YEAR 

ACREAGE 

PRODUCTION 

YIELD 

PRICE 

1941 

329,600 

3,115,800 

23.4 

0.10 

1942 

451,700 

13,651,400 

29.4 

0.82 

1943 

501,300 

12,337,700 

24.4 

1.14 

1944 

496,500 

15,114,300 

29.4 

1.03 

1945 

465,000 

11,390,900 

25.3 

1.23 

1946 

468,300 

8,756,800 

17.4 

1.34 

1947 

354,700 

6,151,000 

18.5 

2.18 

1948 

318,100 

10,760,300 

33.1 

1.36 

1949 

353,800 

10,384,100 

30.2 

1.19 

1950 

366,700 

13,925,900 

37.0 

1.35 

1951 

350,000 

7,401,700 

21.5 

1.73 

1952 

349,400 

6,368,500 

17.4 

1.62 

1953 

264,900 

6,070,300 

21.5 

1.45 

1954 

250,500 

3,466,600 

10.2 

1.59 

1955 

179,900 

2,632,300 

13.7 

1.39 

1956 

173,900 

3,315,200 

15.7 

1.39 

1957 

164,700 

5,129,000 

27.5 

1.15 

1958 

233,000 

9,745,550 

41.9 

1.05 

1959 

229,500 

9,230,300 

41.6 

1.04 

1960 

225,500 

9,736,200 

43.5 

0.97 
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TABLE  17.-- Crop  statistics  for  oats  (Area  5) 


YEAR 

ACREAGE 

PRODUCTION 

YIELD 

PRICE 

1941 

254,170 

5,068,800 

20.8 

0.36 

1942 

273,380 

6,292,500 

23.3 

0.43 

1943 

294,760 

6,888,400 

23.2 

0.69 

1944 

257,090 

3,477,300 

13.0 

0.76 

1945 

177,890 

2,333,420 

11.1 

0.71 

1946 

201,630 

5,382,430 

27.0 

0.30 

1947 

237,110 

6,729,170 

27.4 

1.02 

1948 

231,900 

2,909,420 

14.6 

0.30 

1949 

130,300 

2,326,720 

18.5 

0.64 

1950 

213,000 

3,464,640 

15.8 

0.78 

1951 

168,700 

1,765,890 

11.0 

0.93 

1952 

143,600 

2,934,400 

20.4 

0.94 

1953 

178,900 

3,752,400 

21.0 

0.75 

1954 

171,700 

4,599,600 

27.3 

0.73 

1955 

206,100 

4,753,900 

25.7 

0.62 

1956 

216,800 

4,086,200 

20.1 

C.',z 

1957 

227,300 

5,065,600 

25.0 

0.59 

1953 

90,700 

1,775,900 

20.0 

0.59 

1959 

130,300 

2,186,000 

15.8 

C.65 

1960 

70,900 

1,910,800 

23.1 

0.66 
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TABLE  18. — Crop  statistics  for  barley  (Area  5) 


YEAR 

ACREAGE 

PRODUCTION 

YIELD 

PRICE 

1941 

57,140 

732,400 

13.7 

0.43 

1942 

81,300 

1,212,400 

15.4 

0.57 

1943 

56,200 

716,700 

14.6 

1.00 

1944 

27,500 

293,040 

10.2 

1.10 

1945 

12,190 

173,070 

14.3 

10.2 

1946 

9,040 

186,360 

20.6 

1.33 

1947 

14,300 

261,380 

13.4 

1.51 

1948 

12,360 

210,100 

19.2 

1.31 

1949 

10,830 

193,750 

17.9 

0.95 

1950 

31,950 

596,510 

17.1 

1.10 

1951 

15,530 

69,900 

5.7 

1.26 

1952 

4,630 

105,670 

20.0 

1.32 

1953 

8,220 

163,820 

19.0 

1.14 

1954 

38,400 

991,370 

24.8 

1.05 

1955 

115,680 

1,661,360 

18.8 

0.90 

1956 

110,700 

1,827,700 

18.0 

0.93 

1957 

115,500 

2,197,400 

21.5 

0.85 

1958 

85,000 

2,198,100 

25.7 

0.78 

1959 

94,300 

2,053,600 

20.8 

0.73 

1960 

77,800 

1,277,700 

13.7 

0.76 

TABLE  19.— Crop  statistics  for  grain  sorghu.ns  (Area  5) 
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YEAR 

ACREAGE 

PRODUCTION 

YIELD 

PRICE 

1941 

206,590 

3,930,200 

19.3 

0.53 

1942 

205,840 

4,137,900 

20.1 

0.64 

1943 

113,590 

1,727,300 

17.0 

1.13 

1944 

209,320 

4,703,140 

22.3 

0.90 

1945 

145,650 

2,660,210 

17.3 

1.19 

1946 

114,080 

1,544,390 

15.6 

1.27 

1947 

39,640 

1,212,970 

13.3 

1.93 

1948 

142,520 

3,369,900 

23.9 

1.12 

1949 

113,440 

2,409,620 

21.3 

0.88 

1950 

124,640 

3,173,580 

25.3 

1.08 

1951 

94,730 

1,803,780 

16.9 

1.47 

1952 

115,300 

1,941,200 

17.0 

1.59 

1953 

132,600 

2,699,200 

20. 0 

1.13 

1954 

111,300 

1,705,400 

13.9 

1.32 

1955 

133,400 

1,603,200 

11.6 

1.09 

1956 

113,400 

1,693,600 

11.3 

1.22 

1957 

152,600 

4,631,400 

26.4 

0.37 

1958 

268,500 

9,589,700 

35.7 

0.96 

1959 

263,500 

11,565,500 

39.3 

0.31 

1960 

320,600 

15,445,500 

47.2 

0.76 
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-1.85  -2.63  -5.00 

(20)  4.8911  yj      =  0.1020  y2     ■  0.0001  y3     = 

-2.56  -0.77 

0.0281  y4      =  6.0358  y& 

The  solution  for  the  set  (*y,,  *y  »  *y  »  *y.»  *y  )  is: 

•fj  =  0.487,  *y2  =  0.149,  *y3  ■  0.103,  *y4  =  0.088,  and 

*yc  =  0.172. 
o 

In  the  appendix  for  Chapter  V,  there  is  a  tabular  comparison  of 
the  value  of  (y)  for  each  of  the  five  crops  and  for  each  of  the  15  areas 
derived  both  from  the  actual  crop  statistics  and  from  the  game  theory 
solution. 

The  results  from  the  use  of  this  model  are  not  as  close  to  the 
actual  percentage  crop  allocation  as  one  might  have  expected*  Most  of 
this  was  due  to  a  too  simplified  assumption  indicating  that  the  demand 
constants  (c^)  would  be  the  same  for  each  of  the  five  crops  throughout 
the  twenty-year  period.  An  average  deflated  price  was  also  used  for  the 
entire  state  for  each  crop  during  the  twenty-year  study.  These  two  con- 
ditions prevented  the  set  (*y,,  *y«,  *y~,  *y  ,  *yc)  from  being  under  the 

I    *■  •$         4    5 

dynamic  movement  of  total  production  and  market  prices  from  year  to  year. 

The  results  do  reflect  the  relative  importance  of  crops  by  different 
areas.  For  example,  from  the  appendix  for  Chapter  V,  the  estimates  show 
wheat  as  a  leading  crop  in  western  Kansas  and  corn  in  northeastern  Kansas. 
The  tables  in  the  appendix  also  reveal  that  the  range  of  year-to-year 
fluctuations  in  percent  of  acres  allocated  to  each  crop  is  greater  for  the 
actual  than  for  estimated  crop  allocations.  This  is  due  largely  to  the 
exogenous  factors  such  as  a  wet,  cold  period  during  sowing  time  which  may 
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prevent  farm  operators  from  completing  their  plans,  and  consequently  affect 
the  allocation  of  crops  apart  from  the  elasticity  and  demand  constants. 
There  is  a  tendency  for  substitution  to  take  place  to  alter  the  original 
cropping  plans.  There  are  other  reasons  for  substitutions  to  take  place, 
but  weather  conditions  seem  to  be  the  dominant  factor  for  large  changes  in 
a  Kansas  farmer's  cropping  system. 

In  summary  the  main  objective  of  this  chapter  was  to  demonstrate  the 
usefulness  and  applicability  of  a  modified  game  theory  model  in  agricultural 
economics  research.  Within  the  general  research  area,  this  technique  can  be 
adapted  to  problems  dealing  with  selection  of  enterprises  on  an  individual 
farm,  area  and  national  level.   However,  the  main  applicability  and  useful- 
ness of  the  method  appears  to  be  in  analyzing  aggregative  problems  and 
relationships  important  to  individuals  as  well  as  industry.   In  this 
context  the  method  has  an  advantage,  when  compared  with  the  usual  linear 
programming  procedures,  because  it  does  take  into  account  the  elasticities 
of  demand  of  products  under  consideration.  For  this  reason  the  method 
can  be  well  suited  in  analyzing  problems  dealing  with  the  agricultural  ad- 
justments, particularly  those  problems  that  necessitate  relatively  extensive 
changes  in  the  output  mix. 

While  the  model  has  some  of  the  same  limitations  inherent  in  other 
models,  usually  traced  to  the  degree  of  abstraction  and  deviation  from  the 
real  world,  the  assumption  of  a  zero-sum  game,  particularly  with  respect 
to  the  individual  producer  may  be  questioned.  This  point  still  requires 
further  research  and  development.  Undoubtedly  more  satisfactory  results 
could  be  obtained  from  a  non-zero-sum  game  model  which  would  contain  the 
elements  of  both  competition  and  cooperation.  However,  the  above  described 
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model  comes  close  in  its  portrayal  of  actual  situations  and  its  limitations 
do  not  necessarily  preclude  the  model's  usefulness  as  a  tool  for  evaluations 
of  allocations  on  area  basis* 


CHAPTER  VI 


CONCLUSION 


The  study  was  undertaken  to  determine  the  relative  influence  of 
acreage  and  yield  changes  on  crop  production;  and  the  usefulness  and 
limitations  of  analytical  models  in  determining  crop  allocations  for 
Kansas.  The  objectives  of  the  study  were: 

1)  To  determine  the  relative  roi'e  of  yield  and  acreage  changes 
in  relation  to  total  production  of  a  particular  crop  from  year-to-year. 

2)  To  assess  the  relative  stability  of  the  land  use  on  the 
cropping  system. 

3)  To  determine  the  optimum  land  use  or  the  optimum  cropping 
pattern  for  the  individual  type  of  farming  areas,  and  to  ascertain  the 
differences  between  the  actual  and  the  estimated  crop  plantings. 

4)  To  determine  the  cropping  pattern  for  each  of  the  type-of- 
farming  areas  by  employing  a  game  theoretic  model. 

The  main  theme  that  carried  throughout  the  study  was:   "Is  it  so 
that  farmers  are  reluctant  to  alter  their  cropping  pattern  from  year  to 
year  in  Kansas?**  This  question  developed  out  of  a  similar  study  done  for 
Illinois.  One  of  the  assumptions  and  conclusions  of  the  Illinois  study  was 
that  farmers  were  reluctant  to  change  their  cropping  pattern  from  year  to 
year,  i.e.,  a  very  low  variability  over  a  twenty-year  period  for  acreage 
changes  for  each  of  the  major  crops  in  Illinois. 
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One  might  conclude  from  the  study  done  for  Kansas  that  the  assump- 
tion of  reluctancy  could  not  be  applied  to  the  cropping  patterns  of  a 
Kansas  farmer.  This  belief  was  based  mainly  on  the  wide  difference  in 
the  natural  elements  between  Kansas  and  Illinois.  For  Kansas,  farmers 
must  adopt  flexible  cropping  patterns  to  compete  successfully  with  the 
natural  elements  and  government  programs.  The  degree  of  flexibility  would 
vary  within  the  state  of  Kansas  due  mainly  to  varying  weather  conditions 
within  the  state. 

It  may  be  well  to  point  out  that  the  study  was  only  concerned  with 
actual  changes  in  the  cropping  patterns  for  Kansas  and  not  desired  cropping 
patterns.   A  different  conclusion  would  have  probably  been  reached  if  the 
study  was  concerned  with  desired  cropping  patterns. 

The  data  used  were  based  on  seeded  acres  and  yields  for  all  crops 
except  grain  sorghum  since  this  gave  an  actual  measure  of  changes  in  the 
cropping  system  from  year  to  year.   Actual  seeded  acres  and  yields  have 
not  been  recorded  for  grain  sorghum. 

The  answer  to  the  question  posed  became  evident  with  the  use  of 
statistical  methods.   A  sample  period  of  twenty  years,  from  1941  to  1960, 
was  used  for  the  study.  The  data  were  obtained  from  The  Biennial  Reports 
of  the  Kansas  State  Board  of  Agriculture. 

One  measure  of  the  willingness  of  farmers  to  adjust  to  changes 
under  the  conditions  which  cropping  plans  are  developed,  is  the  extent  to 
which  crop-acreage  adjustments  have  been  made  in  the  past.   As  an  indicator 
for  this  the  percentage  acreage  adjustments  were  divided  into  those  years 
in  which  planted  acres  increased  from  the  previous  year,  and  those  years 
in  which  decreases  occurred.  A  simple  average  was  used  for  both  the 


81 


increases  and  the  decreases  as  an  indicatoi  of  the  magnitude  of  the  adjust- 
ments. The  magnitude  appeared  to  be  quite  high  for  Kansas  relative  to 
Illinois. 

A  least  squares  regression  was  used  to  determine  the  relative  role 
of  the  variables,  yield  and  acres,  on  total  production  of  each  crop.  In 
general,  acreage  variability  appeared  higher  relative  to  yield  variability 
for  eastern  Kansas,  whereas  yield  variability  played  a  larger  role  in 
western  Kansas.  This  tendency  was  not  true  for  all  areas  and  for  all 
crops  from  eastern  to  western  Kansas.  But  it  did  seem  to  have  some 
validity  for  the  more  dominant  crops  in  each  of  the  areas. 

The  use  of  a  linear  programming  model  and  a  game  theoretic  model 
for  estimating  acres  devoted  to  each  of  the  major  crops  did  not  give 
very  good  results.  This  substantiated  the  degree  of  flexibility  in  a 
farmer*s  cropping  pattern  further. 

It  would  be  reasonable  to  conclude  that  the  conclusion  of  the 
Illinois  study  can  not  be  applied  to  Kansas.  Also,  the  use  of  Kansas 
agricultural  data  for  the  use  in  theoretic  models  imposes  limitations 
mainly  due  to  the  high  degree  of  flexibility  in  a  farmer's  cropping 
pattern. 
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APPENDIX 


83 


Appendix 
(pertaining  to  Chapter  II) 
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Fig.  11. — Total  acres  devoted  to  the  five  major  crops 
for  Area  5,  cropping  years  1940-1960,  inclusive. 
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Fig.  12. — Total  acres  devoted  to  the  five  major  crops  for 
Area  6a,  cropping  years  1940-1960,  inclusive. 
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Fig.  15. — Total  acres  devoted  to  the  five  major  crops  for 
Area  8,  cropping  years  1940-1960,  inclusive. 
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Fig.  16. — Total  acres  devoted  to  the  five  major  crops  for 
Area  9,  cropping  years  1940-1960,  inclusive. 
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Fig.  17. — Total  acres  devoted  to  the  five  major  crops  for 
Area  10a,  cropping  years  1940-1960,  inclusive. 
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Fig.  19. — Total  acres  devoted  to  the  five  major  crops  for 
Area  10c,  cropping  years  1940-1960,  inclusive. 
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Appendix 
(pertaining  to  Chapter  IV) 
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TABLE  20.— The  solution  basis  for  linear  programming  problem  (Area  l) 


CROP       Ci_    P,     y.     Z,      X?     a.     a      X 

im     im    'im     im      im     im     im     im 

max.   min. 


*Wheat  15.85  2.38  23.8  40.79  288  328  206  277 

Corn  14.63  0.99  31.9  16.95  213  229  169  229 

Oats  15.70  0.65  21.6  -1.66  60  76  44  44 

Barley  13.48  0.74  21.5  2.43  50  98  38  38 

Grain  sor- 
ghum      8.28   0.76   31.7   15.81     108     164      85      131 

a.  ■  719 

im 


TABLE  21.— The  solution  basis  for  linear  programming  problem  (Area  2) 


CROP 

Cim 

Pim 

yim 

2im 

im 

•i 

im 

max. 

aim 

min. 

xi* 

*Wheat 

15.85 

2.38 

26.3 

46.74 

254 

303 

205 

210 

Corn 

14.63 

0.96 

38.6 

22.43 

338 

372 

287 

372 

Oats 

15.70 

0.66 

23.7 

-0.06 

59 

70 

43 

43 

Barley 

13.48 

0.75 

23.1 

3,85 

35 

70 

24 

24 

Grain  sor- 

ghum 

8.28 

0.76 

35.5 

a 

18.70 

,  ■  873 
im 

127 

267 

149 

224 

In  Tables  20-34,  acres  allotted  to  wheat  are  government  allotments. 
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TABLE  22.— The  solution  basis  for  linear  programming  problem  (Area  3) 

CROP       C.     P,     y, 
im     im    7im 

♦Wheat  15.85  2.38  27.5 

Corn  14.63  0.96  43.7 

Oats  15.70  0.67  25.8 

Barley  13.48  0.77  21.3 

Grain  sor- 
ghum      8.28   0.76   41.9   23.56   113     158      76      120 

a.  =  528 

im 


z 

im 

X 

im 

a 

im 

max. 

aim 
min. 

X. 

im 

49.60 

159 

178 

143 

144 

27.32 

211 

230 

193 

230 

1.59 

35 

41 

27 

27 

2.92 

10 

16 

7 

7 

TABLE  23.— The  solution  basis  for  linear  programming  problem  (Area  4) 

CROP       C4m    P.     y.     Z.      X*     a.      a.      X, 

lm     im    'im     im     im     im     im      im 

max.    min. 

♦Wheat  15.85  2.38  25.7 

Corn  14.63  0.97  38.3 

Oats  15.70  0.67  26.4 

Barley  13.48  0.79  20.7 

Grain  sor- 
ghum      8.28   0.77   39.3   21.98   137     201      91      135 

aim  =  722 


5.32 

156 

197 

135 

143 

2.52 

362 

389 

331 

389 

1.99 

61 

71 

51 

51 

2.87 

6 

9 

4 

4 
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TABLE  24.— The  solution  basis  for  linear  programming  problem  (Area  5) 


CROP 

Cim 

P. 
im 

yim 

7. 

im 

X* 

im 

a 
im 

max. 

a 

im 

min. 

X 

im 

*Wheat 

15.85 

2.38 

25.3 

44.36 

442 

492 

388 

427 

Corn 

14.63 

0.97 

34.0 

18,35 

226 

266 

206 

266 

Oats 

15.70 

0.66 

21.8 

1.31 

71 

82 

52 

52 

Barley 

13.48 

0.76 

19.9 

1.64 

78 

144 

52 

52 

Grain  sor- 

ghum 

8.28 

0.76 

32.1 

16.12 

321 

433 

253 

341 

a 

im  •  hm 

TABLE  25.—  The  solution  basis  for  linear  programming  problem  (Area  6a) 


CROP 

Cim 

P. 
im 

yim 

Z. 

im 

X* 

im 

a 
im 

max. 

a 
im 

min. 

X 

im 

■"Wheat 

15.85 

2.38 

22.3 

37.22 

729 

779 

653 

721 

Corn 

14.63 

1.06 

27.3 

14.31 

163 

3.85 

142 

185 

Oats 

15.70 

0.66 

21.9 

1.25 

85 

106 

68 

68 

Barley 

13.48 

0.71 

18.7 

-0.20 

135 

218 

63 

63 

Grain  sor- 

ghum 

8.28 

0.72 

26.2 

10.58 

268 

419 

182 

343 

a 

im=  1,380 

103 


TABLE  26.— The  solution  basis  for  linear  programming  problem  (Area  6h) 


CROP 

Cim 

P. 
im 

yim 

Zim 

im 

aim 
max. 

aim 

min. 

im 

♦Wheat 

6.74 

2.38 

21.6 

44.67 

1,592 

1,713 

1,400 

V 

Corn 

14.63 

1.06 

25.4 

10.77 

64 

90 

52 

52 

Oats 

5.51 

0.66 

16.7 

5.51 

72 

84 

46 

46 

Barley 

5.28 

0.71 

18.3 

7.71 

243 

368 

151 

151 

Grain  sor- 
ghum 

5.39 

0.72 

27.9 

a 

14.70 

.   ■  2,54] 
im 

570 
I 

766 

437 

597 

TABLE  27.— The  solution  basis  for  linear  programming  problem  (Area  7) 


CROP  Ct-        P<m        y,  Z.  X?  a.  a.  X 

lm  im  im  im  im  ira  im  im 

max.         min. 


♦Wheat 

6.74 

2.38 

16.1 

31.58 

956 

1,058 

856 

995 

Corn 

14.63 

0.98 

23.7 

8.60 

23 

29 

16 

16 

Oats 

5.51 

0.65 

17.3 

5.74 

13 

17 

10 

10 

Barley 

5.28 

0.71 

14.0 

4.66 

46 

68 

28 

28 

Grain  sor- 

ghum 

5.39 

0.71 

24.9 
a 

12.29 

,  ■  1,265 
im 

227 

330 

153 

216 

104 


TABLE  28.— The  solution  basis  for  linear  programming  problem  (Area  8) 


CROP 

Cim 

pim 

Yim 

Zim     Xim 

aim 

a. 
im 

X. 

im 

max. 

min. 

*Wheat 

15.85 

2.38 

19.8 

31.27 

649 

733 

583 

663 

Corn 

14.63 

0.94 

25.8 

9.62 

303 

348 

270 

270 

Oats 

15.70 

0.66 

21.2 

-1.71 

34 

39 

27 

27 

Barley 

13.48 

0.72 

16.0 

-1.96 

53 

71 

29 

29 

Grain  sor- 

ghum 

8.28 

0.71 

27.6 
a 

11.32 
im  =  1.462 

423 

553 

295 

473 

TABLE  29.— The  solution  basis  for  linear  programming  problem  (Area  9) 


CROP 

cim 

pim 

yim 

Zim 

* 
im 

a. 

im 
max. 

> 

min. 

x* 

im 

*W'heat 

6.74 

2.38 

15.5 

30.15 

1,198 

1,305 

1,095 

1,237 

Corn 

14.63 

1.06 

23.4 

10.17 

13 

17 

8 

8 

Oats 

5.51 

0.66 

13.8 

3.60 

7 

10 

5 

5 

Barley 

5.28 

0.71 

13.5 

4.31 

62 

91 

40 

40 

Grain  sor- 

ghum 

5.39 

0.72 

24.8 

12.47 

312 

443 

231 

302 

a 

im  ■  X»592 
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TABLE  30.— The  solution  basis  for   linear  programming  problem  (Area   10a) 


CROP 

Cim 

Pim 

yim 

zi* 

*L 

a 

im 

max. 

a 
im 

min. 

X 

im 

*..heat 

6.74 

2.38 

15.9 

31.10 

912 

1,007 

825 

906 

Corn 

36.74 

0.99 

33.1 

-3.97 

19 

33 

14 

14 

Oats 

5.51 

0.69 

11.9 

2.70 

4 

5 

3 

3 

Barley 

5.28 

0.67 

16.1 

5.51 

57 

76 

40 

40 

Grain  sor- 

ghum 

5.39 

0.71 

27.8 

14.35 

298 

408 

179 

327 

a.     =  1,290 
im 


TABLE  31. --The  solution  basis  for  linear  programming  problem  (Area  10b) 


CROP 

im 

Pim 

y. 

7im 

Zim 

< 

im 

aim 
max. 

aim 
min. 

im 

♦Wheat 

6.74 

2.38 

17.5 

34.91 

1,297 

1,411 

1,222 

1,277 

Corn 

36.74 

1.00 

41.6 

4.86 

30 

57 

21 

21 

Oats 

5.51 

0.70 

10.2 

1.63 

2 

3 

1 

1 

Barley 

5.28 

0.68 

13.0 

3.56 

59 

76 

40 

40 

Grain  sor- 

ghum 

5.39 

0.73 

29.4 

16.07 

559 

663 

400 

608 

'im 


=  1,947 
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TABLE  32.— The  solution  basis  for  linear  programming  problem  (Area  10c) 


CROP 

Cim 

Pim 

yim 

Zim 

X* 

im 

aim 

a 
im 

X 

im 

max. 

min. 

*Vt'heat 

6.74 

2.38 

18.2 

36.58 

313 

337 

290 

325 

Corn 

14.63 

1.06 

22.5 

9.22 

4 

6 

3 

6 

Oats 

5.51 

0.68 

11.6 

2.38 

5 

7 

3 

3 

Barley 

5.28 

0.70 

14.2 

4.66 

28 

51 

16 

16 

Grain  sor- 

ghum 

5.39 

0.73 

17.4 

7.31 

sim  *  385 

35 

54 

25 

35 

TABLE  33.— The  solution  basis  for  linear  programming  problem  (Area  11) 


CROP 

cim 

Pim 

*im 

im 

X* 

im 

a 
im 

max. 

a 

im 
min. 

X 

im 

♦Wheat 

6.74 

2.38 

21.6 

44.67 

963 

1,045 

869 

921 

Corn 

14.63 

0.97 

25.8 

10.40 

67 

81 

55 

81 

Oats 

5.51 

0.63 

14.9 

3.88 

5 

6 

4 

4 

Barley 

5.28 

0.67 

19.3 

7.65 

140 

217 

105 

105 

Grain  sor- 

ghum 

5.39 

0.71 

21.1 

9.59 

227 

411 

141 

291 

a.  =  1,402 
im 
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TABLE  34. --The  solution  basis  for  linear  programming  problem  (Area  12) 


CROP 

Cim 

Pim 

Yim 

2im 

X* 
im 

a 
int 

max  • 

a 

im 
min. 

X 

im 

♦Wheat 

6.74 

2.38 

19.4 

39.43 

853 

956 

775 

814 

Corn 

36.74 

0.97 

42.6 

4.58 

19 

26 

15 

15 

Oats 

5.51 

0.69 

11.1 

2.15 

2 

3 

1 

1 

Barley 

5.28 

0.67 

14.7 

4.57 

74 

127 

51 

51 

Grain  sor- 

ghum 

5.39 

0.71 

26.4 

13.35 

aim=1> 

391 
339 

497 

227 

458 
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This  study  was  undertaken  to  determine  the  relative  influence  of 
acreage  and  yield  changes  on  crop  production;  and  the  usefulness  and 
limitations  of  analytical  models  in  determining  crop  allocations  for 
Kansas.  The  objectives  of  the  study  were: 

1)  To  determine  the  relative  role  of  yield  and  acreage  changes  in 
relation  to  total  production  of  a  particular  crop  from  year  to  year. 

2)  To  assess  the  relative  stability  of  the  land  use  on  the 
cropping  system. 

3)  To  determine  the  optimum  land  use  or  the  optimum  cropping 
pattern  for  the  individual  type  of  farming  areas,  and  to  ascertain  the 
differences  between  the  actual  and  the  estimated  crop  plantings. 

4)  To  determine  the  cropping  pattern  for  each  of  the  type-of- 
farming  areas  by  employing  a  game  theoretic  model. 

The  main  theme  that  carried  throughout  the  study  was:  "Is  it  so 
that  farmers  are  reluctant  to  alter  their  cropping  pattern  from  year  to 
year  in  Kansas?"  This  question  developed  out  of  a  similar  study  done 
for  Illinois.  One  of  the  assumptions  and  conclusions  of  the  Illinois 
study  was  that  farmers  were  reluctant  to  change  their  cropping  pattern 
from  year  to  year,  i.e.,  a  very  low  variability  over  a  twenty-year  period 
for  acreage  changes  for  each  of  the  major  crops  in  Illinois. 

It  was  believed  by  the  author  of  this  study  that  the  conclusion  for 
an  Illinois  farmer's  cropping  pattern  could  not  be  applied  to  the  cropping 
patterns  of  a  Kansas  farmer.  This  belief  was  based  mainly  on  the  wide 
difference  in  the  natural  elements  between  Kansas  and  Illinois.   For  Kansas, 
farmers  must  adopt  flexible  cropping  patterns  to  compete  successfully  with 


the  natural  elements  and  government  programs.  The  degree  of  flexibility 
would  vary  within  the  state  of  Kansas  due  mainly  to  varying  weather  con- 
ditions within  the  state. 

It  may  be  well  to  point  out  that  the  author  was  only  concerned 
with  actual  changes  in  the  cropping  patterns  for  Kansas  and  not  desired 
cropping  patterns.   A  different  conclusion  would  have  probably  been 
reached  if  the  study  was  concerned  with  desired  cropping  patterns. 

The  data  used  were  based  on  seeded  acres  and  yields  for  all  crops 
except  grain  sorghum  since  this  gave  an  actual  measure  of  changes  in  the 
cropping  system  from  year  to  year.  Actual  seeded  acres  and  yields  have 
not  been  recorded  for  grain  sorghum. 

The  answer  to  the  question  posed  became  evident  with  the  use  of 
statistical  methods.  A  sample  period  of  twenty  years,  from  1941  to  1960, 
was  used  for  the  study.  The  data  were  obtained  from  The  Biennial  Reports 
of  the  Kansas  State  Board  of  Agriculture. 

One  measure  of  the  willingness  of  farmers  to  adjust  to  changes  under 
the  conditions  which  cropping  plans  are  developed,  is  the  extent  to  which 
crop-acreage  adjustments  have  been  made  in  the  past.   As  an  indicator  for 
this  the  percentage  acreage  adjustments  were  divided  into  those  years  in 
which  planted  acres  increased  from  the  previous  year,  and  those  years  in 
which  decreases  occurred.   A  simple  average  was  used  for  both  the  increases 
and  the  decreases  as  an  indicator  of  the  magnitude  of  the  adjustments.  The 
magnitude  appeared  to  be  quite  high  for  Kansas  relative  to  Illinois. 

A  least  squares  regression  was  used  to  determine  the  relative  role 
of  the  variables,  yield  and  acres,  on  total  production  of  each  crop.   In 


general,  acreage  variability  appeared  higher  relative  to  yield  variability 
for  eastern  Kansas,  whereas  yield  variability  played  a  larger  role  in 
western  Kansas.  This  tendency  was  not  true  for  all  areas  and  for  all 
crops  from  eastern  to  western  Kansas.  But  it  did  seem  to  have  some 
validity  for  the  more  dominant  crops  in  each  of  the  areas. 

The  use  of  a  linear  programming  model  and  a  game  theoretic  model 
for  estimating  acres  devoted  to  each  of  the  major  crops  did  not  give  very 
good  results.  This  substantiated  the  degree  of  flexibility  in  a  farmer's 
cropping  pattern  further. 

It  would  be  reasonable  to  conclude  that  the  conclusion  of  the 
Illinois  study  can  not  be  applied  to  Kansas.  Also  the  use  of  Kansas 
agricultural  data  for  the  use  in  theoretic  models  imposes  limitations 
mainly  due  to  the  high  degree  of  flexibility  in  a  farmer**  cropping 
pattern. 


